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FOREWORD 

This study was performed under Contract NAS5-26362 fo^ 
the Goddard Space Flight Center of the National Aeronautics and 
Space Administration under the direction of Richard Donnelly, the 
Contracting Officer's Representative. The final report consists 
(;f one volume with four (4) attached appendices. 
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1.0 INTRODUCTION 


This study was conducted to evaluate the feasibility and economics 
of mounting and operating a new set of solar scientific Instruments in 
the backup Sky lab Apollo Telescope Mount (ATM) hardware. 

The new Instruments used as the study test payload and integrated 
Into the ATM were; the Solar EUV Telescope/Spectrometer; the Solar 
Active Region Observing Telescope; and the Lyman Alpha White Light 
Coronagraph. Detailed experiment requirements data was obtained from 
furnished "Experiment Requirements Documents" (ERDs) . 

The backup ATM hardware consists of a central cruciform structure, 
called the "SPAR", a "Sun End Canister" and a "Multiple Docking Adapter 
End Canister", as shown In Figures 1-1 and 1-2. Basically, the ATM hard- 
ware and software provides a structural Interface for the Instruments; 
a closely controlled thermal environment; and a very accurate attitude 
and pointing control capability. The hardware is an identical s«t to 
the hardware that flew on Sky lab. The latest status Indicates that 
the hardware Is In bonded storage and relatively intact at the Marshall 
Space Flight Center. The ten remaining ATM rate gyros have been re- 
worked to fix a problem that occurred during the Skylab mission. 

Tnree concepts were baselined from the study: The "ATM Integrated" 

and the "IPS" and "AGS" concepts. The ATM concept utilized to the maxi- 
mum extent possible the remaining backup hardware and software. A sepa- 
rate structure was required for this concept to mount It into the 
Orblter payload bay. The IPS and AGS concepts utilized only the canister 
and associated canister equipment. In both of these concepts, the cani- 
ster was mounted to the attachment rings of the pointing systems. All 
three concepts are shown in Figure 1-3. 

Study results concluded that the test Instrument payload was 
physically too large to fit within the ATM canister envelope and that 
extensive modification would be required to accommodate them. However, 

It was also concluded that th*^ ATM backup hardware and software had a 
high potential for reuse, for payloads that fit within the canister 
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Figure 1-2 ATM Canister Cutaway View 







envelo) . By selecting payloads, very little modification of the ATM 
Is required; making the ATM reuse approach economically attractive, as 
well as providing the close thermal control, poln' ing and stability 
required by many of the Instruments being developed for the Spacelab/ 
Orblter era. 


1 . 1 Purpose 

The purpose of this report Is to summarize and document the re- 
sults of the ATM hardware and software reuse study effort. It further 
defines and details (Section 7.0 "Recommendations") those additional 
tasks that should be considered for further study. 

1 .2 Scope 

The study effort was limited to conceptural design. Analyses were 
conv-.cted only where necessary to validate design concepts and establish 
subsystems approaches. Additional studies will be required to retine 
the baselined concepts discussed in this report. 
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2.0 INSTRUMENT INTERFACE AND OPERATIONAL DATA ANALYSIS 


The instrument interface and operational data was compiled to 
provide a standard data base for the study team on the three (3) speci- 
fied instruments; 1) Solar Extreme Ultraviolet (EUV) Telescope and 
Spectrograph (SUETS), 2) Solar Active Region Observing Telescope (SARDS), 
and 3) Spacelab Lyman Alf)ha (SLA) - I'fhite Light Coronagraph (WLC) (i.e., 
combination of these two instruments is defined as the Acceleration 
Region Coronographs - ARC) . 

2. 1 Solar Extreme Ultraviolet Telescope and Spectrograph (SEUTSl 

2.1.1 Instrument Description - This instrument is a grazing in- 
cidence telescope with high EUV reflectivity feeding a diffraction 
grating at near-normal incidence. This grating spectrally disperses 
the radiation and images in each point of the spectrometer's entrance 
aperture onto a small spot in the focal plane so that spatial informa- 
tion is preserved. Adequately stigmatic images are produced over an 8 
arc min long slit and over a spectral range of 21.0 to 47.0 nanometers. 
Schumann-type photograph film is used to gain the full performance of 
the optical system. Spatial resolution of at least 2 arc sec and spec- 
tral resolution of 0.005 nanometers is achievable throughout the central 
4 arc min field of view (FCV) at all wavelengths with even better per- 
formance in the Rowland Plane. 

The experiment objective is to execute a scientific investigation 
addressing several fundamental problems of solar physics, these arc: 

1) The energy and mass balances in closed magnetic field 
regions in the corona and the processes by which these 
regions are heated. 

2) Mass and energy transport into the solar wind. 

3) The characteristics of the emergence and evolution of 
coronal active regions and their relation to flare activity 
and coronal holes. 
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2.1.2 In5:r - ment Characteristics 

2.1.2. 1 Structural and Mechanical - The telescope is mounted on 
a rigid stable optical bench to achieve stability in longitudinal dis- 
placement. The SHUTS is attached to an offset adjusting system and will 
be mounted to the Pointing System with a three point kinematic mount 
(See Figure 4. 1.3. 1-1 and 4. 1.3. 1-5). The instrument will be constructed 
in two packages, connected by electrical and electronic control and data 
cables. The larger part (Figure 2-1) is an optical bench with all optics 
and mechanisms. The smaller part is the electronics (Figure 4. 1.3. 1-1). 

The telescope and spectrograph are shown in Figure 2-1 and is 135 
inches long, 22 inches wide, and 36 inches high. This package is at- 
tached to the offset adjustin,"’ system and mounted to the ATM, as shown 
in Figure 4. 1 . 3. 1-5/7, by the three point kinematic mount. The offset 
adjusting system will provide a +0.5 degree movement to the optical 
axis. The three point kinematic mount consists of three individual 
mounts and consists of two fixed mounts and one flexible mount and weigh 
approximately 100 lbs. 

The SHUTS electronics assembly (Figure 4. 1.3. 1-7/5) is 23 inches 
long, 9 inches high and 17 inches wide, having a weight of approximately 
60 pounds. This assembly contains the electronics to accomplish the 
following functions: Command and data handling; data collection, power, 

sun sensor control, offset pointing control, camera mechanism control, 
and general mechanism control. 

The SHUTS weight is shown in Table 2-1. 

Table 1-1 SHUTS Equipment Weight 


1) 

Telescope & Spectrograph Unit 

360 lbs 

2) 

Offset Adjustment System & 

100 lbs 


Kinematic Mount 


3) 

Electronics Package 

60 lbs 


Total Weight 

520 lbs 
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Figure 2-1 Solar EUV Telescope and Spectrograph (SEUTS) 



2. 1.2.2 Electrical Power - The SEUTS has five (5) operating 
modes and requires an average power of 160 watts. The power usage for 
these operating modes are as shown in the following table. 


Table 2-2 Operations Power Requirements 


Mode 

Descriptlofi 


Operating 

Time 

Operations 

1 

Camera line profile 

114 W 

60 min. 

10 

2 

Camera Flare 

114 W 

60 min. 

5 

3 

Combined Modes 1 & 2 

114 W 

60 min. 

15 

4 

Amplifying Image Detector 

129 W 

60 min. 

10 

5 

Mode 2 Flare Standby 

62 W 

10-20 hrs. 



Heater Power: 50 W Continuous for all 

Modes 



2. 1.2. 3 Thermal Control - The SEUTS will be aligned and operated 
at room temperature (22 degrees centigrade). The design is relatively 
Insensitive to bending and side-to-side distortions. However, since 
its focus is sensitive to longitudinal displacements, the structure must 
be held at very close to the alignment temperature and thermal control 
is needed to minimize temperature differentials from front to rear of 
the instrument. Passive thermal control will be used and is provided 

by the ATM, with heaters used, as necessary, to maintain the minimum 
operating temperature. 

The ATM will provide no active interface with the SEUTS but will 
provide a controlled benign environment as described in Section 4.3. 

The film carried in the Telescope and Spectrograph film reel assembly 
require temperatures below 110° F. The maximum temperature the film 
can withstand is 110° F for no more than 1.0 hour. After landing, the 
film must be removed before this temperature limit is reached. 

2. 1.2.4 Controls and Displays - A television display of the slit- 
jaw camera data is required (i.e., Ho TV image). Controls on the Aft 
Flight Deck (AFD) to initiate command sequences necessary to carry out 
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observing programs stored on-board. The AFD and Payload Operation 
Control Center Controls (POCC) are listed below in Tables 2-3, 2-4, 
and 2-5. 

Table 2-3 Opt.ration Control Requirements 

1) Point and Roll Direction/Redirection 

I 

2) ATM Pointing and Roll Control 

3) Offset Adjuster Position Control 

4) Exposure Control 

5) Instrument Control /Command Reissuance 

6) Instrument Safing 


Table 2-4 POCC/AFD Instrument Status Display (By Request from AFD) 


Parameter Status 

Instrument Controller Power (on/off) 
H-alpha Camera Power (on/off) 

H-alpha Cooler Power (on/off) 

TV Camera Power (on/off) 

Film Camera Power (on/off) 

AID Camera Power (on/off) 

Aid Cooler Power (on/off) 

AID High Voltage (on/off) 

Offset Adjuster Power (on/off) 
Zero-Order Monitor Power (on/off) 
Film Camera Advance (on/off) 

Film Clamp (open/closed) 

Film Camera Door (open/closed) 
Telescope Door (open/closed) 

H-alpha Shutter (open/closed) 

EUV Shutter (open/closed) 

AID Mirror (in/out) 

Launch Lock (lock/unlocked) 


Parameter Status 

Entrance Slit Position (1 thru 4) 

Offset Adjuster Position 

Film Frame Number 

Zero-Order Monitor Reading 

UTC of Shutter Operation 

Sun Sensor Reading 

Offset Adjuster Position 

Pointing System Pitch 

Pointing System Yaw 

Pointing System Roll 

Temperature Sensor if I - if 7 
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Table 2-5 POCC/AFD COMMAND AND CONTROL CAPABILITY 


Instrument Controller Power on/off 
H- alpha Camera Power on/off 
H-alpha Cooler Power on/off 
TV Camera Power on/off 

I 

Film Camera Power on/off 
AID Camera Power on/off 
AID Cooler Power on/off 
AID High Voltage on/o££ 

0£fset Adjuster Power on/off 
Zero-Order Monitor Power on/off 
Film Camera Advance 
Film Clamp open/close 
Film Camera Door open/close 


Telescope Door open/close 

H-alpha Shutter open/close 

EUV Shutter open/ close 

AID Mirror in/out 

Launch Pin lock/unlock 

Entrance Slit Step forward/ 

reverse 

Offset Adjuster Step right/left 
Converter Power on/off 
Instrument Controller Reset 
Sun Sensor Power on/off 


Total Commands - 44 


2. 1.2. 5 Contamination Control - During the SUETS Operation, it 
will be necessary to constrain thruster firings, waste dumps, and water 
dumps . 

2. 1.2.6 Conrn a .id and Data Handling - A data transmission rate of 
1250 bits per second on the data bus, and high rate data transmission 
of 2.05 Mega bits per second is required. Details of these require- 
ments are described in Section 4.2. 

2. 1.2.7 Operating Time and Modes - The operating modes and times 
are described in Section 2. 1.2.2, Table 2-2. The total experiment 
operating time is to be approximately 90 hours. The total sunlit opera- 
tional time for a Shuttle mission of 7 days is approximately 102 hours 
when post insertion and pre re-entry thermal conditioning is considered. 
Due to the these experiment operating time requirements, joint opera- 
tional programs with other experiments must be worked out. 
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2. 1.2.8 Orbital Requirements - The Orbit altitude desired is to 
be as high-as-possible, consistent with other pointing platform in- 
struments. The desired inclination is to be 28.5 degrees or higher. 

The launch time and inclination is to be chosen so that the Orbiter 
Beta angle constraint of 60 degrees is not exceeded, but so that sun 
time is maximized. The Orbit parameters are to be chosen to minimize 

ft 

time in the South Atlantic Anomaly (SAA) . 

2.2 Solar Active Region Observations from Spacelab (SAROS) 

2.2.1 Instrument Description - The SAROS instrument consists of 
two (2) distinct components; 1) an x-ray Telescope and 2) a pointed 
collimated Bragg Spectrometer. These components are packaged in a 
single integrated package, Figure 2-2. 

The prime objective for SAROS is to make detailed measurements of 
the temperature, density, and pressure within coronal loops in order 
to precisely determine the absolute values of the radiative and conduc- 
tive heat loss terms for a given solar magnetic field loop. Secondary 
objectives are 1) Evaluate the magnetohydrodynamics of coronal loops, 
and the problem of the reconnection of magnetic field lines; 2) Evalu- 
ate x-ray bright points to establish a physical description, 3) Evalu- 
ate eruptive prominences, coronal transients, and depletions; and 
4) Evaluate element abundances to assist in understanding both plasma 
and solar behavior. 

The imaging system will provide high spatial resolution full disk 
x-ray Heliograms which can be recorded either as images on photographic 
film or as a video image. In addition, pointing information from the 
spectrometers in the form of a fiducial mark can be superimposed rn the 
video image. This allows control of the spectrometer pointing in real 
time and records their location for later analysis. The video image 
will be available to the payload specialist on the Shuttle aft flight 
deck. It is also available to the experimenters on the ground by 
transmission in digital form, via the high rate multiplexer (HRM) . 
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The Imaging system consists of; 

1. A grazing incidence x-ray mirror fabricated of fused silica 
and having a spatial resolution in visible light of 0.5 arc 
seconds . 

2. An invar mirror mount and optical bench are provided to hold 
the mirror withput distortion and maintain the location of 
the focal plane to within +5 x 10“^ cm over a temperature 
range of +3° C. 

3. A focal plane assembly consisting of two photographic cameras 
and one video camera mounted on a three position rotary turret. 

4. The two (2) photographic magazines are sized to hold 19.00 cm 
diameter film magazines. Each of the two magazines will con- 
tain one of two complementary types of film, one film being 
chosen for high sensitivity and one for high spatial resolution. 

5. The video camera consists of a microchannel plate with a proxi- 
mity focussed phosphor coupled by relay optics to a slow scan 
vidicon. The resulting pictures will have a spatial resolu- 
tion of 5 arc seconds. 

6. An Ha telescope consisting of a narrow band filter and optical 
train is mounted within the x-ray mirror. The telescope will 
allow Ha images to be recorded on film silultaneo»»esly with the 
x-ray Images. The images will be used to provide Independent 
roll Information and to align the x-ray images with ground 
based observations. 

The spectrometer consists of: 

1. A three channel multi-grid collimator mounted in a single 
assembly which defines the field of view of the spectrometer. 

2. Three Bragg crystal analyzers each of aiea 12.5 x 25.0 cm^. 

The crystals used will be ADP, Beryl and REAP. 
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Individual detectors for the three crystals. The 
detectors uls thin windowed, flow proportional counters 
using a 90:10 mixture of argon and methane as the detec- 
tor gas. They are mounted to a common drive assembly 
which is not counterbalanced. 

4. The pointing drive which employs two motors for operating 
recirculating ball screw-jacks which provide the two- 
axis motions. These motions are sensed by transducers 
installed across the glmbal elements and additionally by 
shaft encoders fitted to each motor shaft. The single 
step size of the pointing system is 5 arc second with a 
total scan capability of degree. The pointing drive 
is protected during launch and re-entry by latching 

the spectrometer in a position where it is held clear 
of the screw-jacks and thus unloaded. 

The latching mechanism is motorized and will be fully 
redundant to ensure relatch prior to re-entry. 

5. A fiducial system which is mounted to the collimator 
backbone. It consists of a back-illuminated mask which 
projects an image of the collimato- field with cross 
hairs to locate the center of the collimator filed on 
the sun. 

6. Tne proportional counter gas flow system with its associ- 
ated gas storage reservoirs, regulators, valves and gas 
delivery and density control electronics. 

Access is required to provide pre and post flight access to the film 
canisters of the two (2) cameras. The nitrogen purge system must 
also be accessible for filling prior to flight during the offline 
Ground Operations activities'. 
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2.2.2 Instrument Characteristics 


2.2.2. 1 Structural Mechanical - The experiment is contained 
within a cylindrical structure of octagonal cross section. The over- 
all dimensions are length 109.5 in., width 39.4 in., and depth 37 
Inches. The main load bearing structure is an aluminum honeycomb 
center plate running the length of the instrument and dividing the 
package into two halves. Radial stiffness is provided by bulkheads 
positioned at various locations along the center plate. A cylindrical 
thin walled aluminum shell provides torsional rigidity and environmental 
protection for the instrument system. The two instruments are located 
on either 'ide of the center plate. In both cases, the electronic 
packages are mounted at the rear of the Instruments, within the basic 
envelope. The total mass of the instrument is 555 kg (1224 lbs.). 

Three mounting adapters as described in Figure 4. 1.3. 1-5 are used 
for mounting to the ATM. One of the mounting points is at the forward 
or sun-pointed end and the remaining two are at the central bulkhead. 

In order to allow sufficient access to the instrument after it is 
attached to the ATM, the adapters can be attached to either side of the 
experiment structure. Since the load bearing structure is symmetrical, 
this does not affect the structural integrity. 

2. 2. 2. 2 Electrical Power - The SARDS requires an average DC power 
of 212 watts per orbit (including 60 watts of heater power) and 34C 
wetts of peak power. Continuous power is required after Ground Operations 
integration (Level IV) to maintain a vacuum in the video earner? Ml<'ro- 
channel Plate of (TBD) watts. There are five (5) operating modes for 

the SARDS and I hese are described in Table 2-7 in Section 2.2.2. 7. 

The average power for each of these modes are shown below in Table 2-6. 

Table 2-6 SARDS Power Summary 


1 Modes 

Operating Power 

Heater Power 


104 watts 

135 watts 


222 watts 

20 watts 


148 watts 

20 watts 


264 watts 

20 watts 

1 ' 

150 watts 

20 watts 
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2. 2. 2. 3 Thermal Control - The SAROS requires a non-operating 
envirorunent of 0-30 deg C (32-36 deg. F) and an operating envit onment 
of 20 + 30 deg. C (68 deg. F) . The integrated package environment is 
to be 10+5 deg. C (50 deg F). Hot spots such as the electronics 
Piickage. must either be supplied with cold straps or allowed to radiate 
directly to the ATM cold plates mounted on the canistered walls. 

2. 2. 2. 4 Controls arid Displays - The controls and displays 
(Tab.'e 2-7) that are required consist of a TV display at the AFD for 
display of video Images so that pointing programs and Spectrometer/ 
Camera sequences can be commanded to experiment. 

The SAROS will be controlled by an instrument controller which will 
provide sequences of commands to operate the instrument. Command se- 
quences needed to »arry out observing programf will be stored on-board. 
When a sequence is initiated, from the POCC o: .TD, the controller will 

sequence the operation of shutter, film advance, etc. to provide the 
desired set of photographic exposures. 

Table 2-7 POCC/AFD Controls and Display Requirements 


Display 

Command B 


+28V Source 

Power A 

On/Off 

A +5V 

Power B 

On/Off 

B +5V 

Dep 1 Restart 

On/Off 

Dep 2 Voltage 

Dep 2 Restart 

On/Off 

Dep 3 Voltage 

Dep 3 Restart 

O;i/Off 

D<;p 1 Run 

Dep 1 Backup 

Cm/Off 

Dep 2 Run 

Survival Heater 

On/Off 

Dep 3 Run 

Move Cursor 

Up/Down 

Dep 1 Backup Run 

Move Cursor 

Right/Left 

Dep 1 Backup On 

Change Step Size 

3 

Survival Heater On 

Go to Special Sequence 



2. 2. 2. 5 Contamination Control - During the SAROS Operation, it will 
oe necessary to constrain thrusted firings, v aste dumps, and water dumps. 

2. 2. 2. 6 Command and Data Handling - The command and data handling 
requirements include providing for a data rate of 7300 bits per second 
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on the data bus and S24.'5 kUo bits per second of high rate data, as 
near continuous conuiiunication with the jtround as possible is required 
durintt the experiment operatin^i time. 

2. 3. 2. 7 Oper at ing Mode s - Tlte SAROS has live (S) operating moiles 
per Orbit as ahowit in Table 2-8. 

Table 2-8 Modes of Operation 


Mode 1 

On-Orbit Standby, 30 min. 


Video Imaging and hi splay, 15 min. 

3 - 

Normal Oata Taking, 15 min. 

4 

Oata Taking with Interactive Spectrometer 


Control , 20 min. 

5 

Oata Taking with I'wo Cameras, 10 min. 


2. 2. 2. 8 Orbit al Reqid rjemeiUs - The Orbit altitude deslrcil is to be 
between 200 to 400 km at a near equatorial circular Orbit. An experiment 
desire is to minimise the time exposed to high radiation st>urces, stich 
as the South At l.int Ic .- 'maly. 

2. 3 l^nicelab I yman ,Alj;‘ha - Whi te Llj^ht l'orona{traj;^h 

2.3.1 Instrument IVsertj'tion - The Spacelab l.yman Alpha - White 
Ooi’v'nagraph Is .a Joint program of the Smithsonian Astropliyslcal Observa- 
tory (SAO) and tiu* lilgli Altitude Observatt'rv (l!A0). The Spacelab Alpha 
tloriMiagraph (SIAO) and the Wlilte Light Oori'nagrapb (WLC) will be opt'rated 
in a joint fashion as eo-observing Instruments which together comj'rise 
the Acceleration Region Coronagraphs (ARC) experiment. The ARl’ is consi- 
dercil to be a single instrviment In the mechanlc.'il/opt ical sense, but the 
SIAC and WLC will function as separate instruments in the electrical/ 
tliermal sense. The Instruments will Interface separately with tlu' 

Command and Oata Management Systems and with the electrical systems. 

Kach instrument has its own th.'rmal control svstem and the thermal inter- 
action is to be minimized. A mechanical interface exists and the WLC is 
mounted to the SIAC wltli a three (3) point kinematic mmmt but otlu'r- 
wlse each coronagraph is structurally sel f-sut f 1 dent . 
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The ARC co-cbserving instruments will measure coronal temperatures, 
densities, and flow velocities for solar structures throughout the solar 
wind acceleration region of the inner corona. Data from both ARC instru- 
ments are required to achieve the following principal scientific ob- 
jectives: 

1) Determine the coronal atomic hydrogen and proton 
temperatures from 1.2 to 8 solar radii from sun center. 

2) Dete.mine coronal atomic hydrogen and electron densities. 

3) Deter.nine coronal mass flow velocities. 

A) Specify at least an upper limit to non-thermal velo- 
cities in the Corona. 

5) Determine the coronal electron temperature. 

6) Study coronal momentum and energy transfer in con- 
junction with model.? of the coronal expansion. 

7) Estimate the mass flux of the solar wind, particularly 
that arising from regions other than coronal holes. 

The SIJVC is an ultraviolet coronagraph using a slowly-.scannlng tele- 
scope mirror to ob.serve a 30 arc minute x 100 arc minute sector of the 
corona from 1.2 to 7. A solar radii. The sector is selected by rolling 
the pointing system ATM) around the sun center. Offset pointing also 
permits occasional solar disk observations as well as coronal observa- 
tions out to 8.0 solar radii. A Spectrograph analyzes the telescope 
image light spectrally and observes a coronal strip. Disc rote- anode 
microchannel array detectors provide spatial and spectral ii formation. 

The SIJVC is comprised of the following major subsystem: Mechanical 

(i.e., front aperture and door, sunlight trap, telescope/internal oc- 
culter mirror, baffles, entrance slit, spectrograph case, grating drive, 
detect'’>r mount and main Instrument case). Optics (i.e., telescope mir- 
ror, diffraction grating, sunlight trap mirrors and alignment mirror), 
detector assemblies, thermal control and electronics. 

The Wh( Is comprised of the following major subsystems: Mechanical 

(i.e., nrorture door, light tube/optical bench combination, optics 
housing and structural mounts). Optical (i.e., external occulting disks. 
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heat dump mirror, focussing lenses, folding mirrors, internal occult- 
ing disk and Polaroid filters), thermal control (i.e., heated panels, 
multilayer Insulation and surface coatings), data recording (i.e., 35 mm 
film camera), and electrical (i.e., 8080A processor, motor drivers, 
thermal control system controller and power supplies. The door mecha- 
nism, flip mirror and calibration path devices are designed with a 
manual override system so that in the event of a primary drive system 
failure the component can manually be removed from the optical path. 

2.3.2 Instrument Characteristics 

2.3.2. 1 Structural and Mechanical - The Spacelab Lyman Alpha- 
\>Hiite Light Coronagraph is shoi«m in Figure 2-3, and is 130.5 inches 
long, 40 inches high, and 37 inches wide. The combined instrument 
weight is 749 lbs. The SLAG and the IVLC are mounted together on the 
three (3) point kinematic mount and the SLAG will be mounted to the 
ATM through a co-alignment system. This interface and system are shown 
in Section 4.1, Figures 4.1.3. 1-7/8. 

In addition to the main structure, an electronics assembly, sepa- 
rate from the telescope will operate the VTLG. The electronics rack 
will be detached from the telescope primarily to eliminate the thermal 
heat source from the precisely aligned telescope. This electronics 
package will not be coupled to the SLAG. The WLG will be kinematically 
hard-mounted onto the SLAG and the joint instrument will be a co-aligned, 
co-observing instrument package. Access is required to the WLG film 
assembly. 

2.3.2. 2 Electrical Power - The ARC requires an average DC power 
of 197 watts, with the SLAC using 150 watts average power during its 9 
operating modes, and the WLG using 47 watts average power during its 6 
operating modes. These operating modes are shown in the following 
Tables 2-9 and 2-10. 
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Figure 2-3 Spacelab Lyman Alpha-White Light Coronograph 



Table 2-9 SLAC Power Operating Modes 


Mode 1 


Launch and Reentry 

- 

0 

Watts 

2 

- 

Power Down 

- 

60 

Watts 

3 

- 

On-Orbit Standby 

- 

84 

Watts 

4 

- 

Survey 

- 

147 

Watts 

5 

- 

Intensity 

- 

153 

Watts 

6 

- 

Profile 

- 

153 

Watts 

7 

- 

Hi Spec*-. Res. 

- 

153 

Watts 

8 

- 

Elect. Temp. 

- 

147 

Watts 

9 

- 

Disk 

- 

153 

Watts 

Le 2-10 

WLC 

Power and Operating Modes 



Mode 1 

- 

Launch and Reentry 

- 

0 

Watts 

2 

- 

Turn-On 

- 

55 

Watts 

3 

- 

Standby 

- 

40 

Watts 

4 

- 

Operate 

- 

70 

Watts 

5 

- 

Turn-Off 

- 

0 

Watts 

6 

— 

Troubleshoot 


70 

Watts 


2. 3.2. 3 Thermal Control - The ARC is designed to operate in the 
near 0 degree centigrade operating conditions of the spacelab thermal 
shroud. The \^LC has an active TCS in conjunction with multi-layered 
insulation blankets and surface finishes will heat the structure to hold 
the temperature to within a 21 + 3° C range from proper operation. The 
SLAC could operate at higher temperatures than 0° C but a thermal re- 
design would be required. The externally mounted SLAC electronics box 
must be cooled separately. The WLC Film Canister contains film which 
is subject to damage when the film is subjected to high temperatures 
for prolonged periods of time. 
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2. 3.2.4 Controls and Displays - The ARC requires AFD controls 
and displays but no television display is required. Normally, the ARC 
is controlled or operated via canned observing modes or data collection 
modes stored in the Dedicated Equipment Processor (DEP) , but these 
modes can be specified by sending mode sequence commands from the AFD. 
Table 2-11 identifies the SLAC Controls and Displays, and Tables 2-12 
and 2-13 identifies the WLC Controls and Displays. 

Table 2-11 SLAC Controls and Displays 



Controls 

Source 

1. 

Science Mode Load 

POCC/AFD 

2. 

Mode Sequence 

POCC/AFD 

3. 

Message to DEP 

POCC/AFD 

4. 

Discrete Commands (8) 

POCC/AFD 


- SLAC Power 

- Heater Power 1 

- Heater Power 2 

- Vacuum Override 

- TBD 

- TBD 

- TBD 

- TBD 

Display 

1) Detector Data 

2) Instrument Status Data //l/#2 

3) Survey Data 

4) Wavelength Scan Data 

5) DEP Message to DDS 

6) DEP Memory Load 
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Controls 


Source 


Standby Power on/off 

TCS on/off 

Ha TCS on/off 

Instrument pwr on/off 

initialize Instrument 

door - open/close 

single/double Sequence 

halt 

std mode 

calibrate 

transient 

clear exp 

motorpower off /on 

InsertHa 

insertcal 

insert/renove mirror 

pathcornal 

pathHa 

pathcal 

next filter 

fllterN(n) 

close/open Shutter 

matrix 

advance 

advanceN(n) 

time exp(n) 

coronal time(n) 

Hatlme(n) 

filter seq 

inhibit /enable Film 

setf rames 

Inhibit/enable Sync 

walt(n) 

syncpulse 

door open override 
D4 auto/manual 
center D4 
step D4 X, Y 
read CMD register (n) 


POCC/AFD 
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Table 2-13 WLC Displays (AFD on Coiranand) 


Descretes 

Analogs 

SLAC Sync 

Temp Ha 

Shutter Open/Closed 

Temp 1 

Shutter Closed , 

Temp 2 

Door Closed CMD 

Temp 3 

Door Closed 

+28V SLPwr 

Door Open CMD 

'^28V Stby Pwr 

Door Open 

+5V PWR 

F.W.P. 1A-4A 

+15V PWR 

Geneva Lock A/B 
Calib Mirror In 

-15V PWR 

Ha In 

Serial Data 

Program Run 

+28V Motor PWR 

Up Running 

X Pointing Error 

Flip Mirror In/Out 
Film Advance 

Y Pointing Error 
X D4 Error 

DEP Busy 

Y DR Error 

Motor Power 

Film Remaining 


Temperatures (10) 


2. 3.2.5 Contamination Control - During the operation of the ARC, 

it will be necessary to constrain thruster firings, waste and water dumps. 

2. 3.2.6 Command and Data Handling - The command and data handling 
r'^quirements of the ARC are divided into those required by the SLAC and 
those required by the WLC. The data requirements of the SLAC are 900 
bits per second through the data bus and frc m 25 to 50 kilobits per sec- 
ond of high rate data. 

The data requirements of the WLC are 300 bits per second through the 
data bus and the 35 mm film which is to be removed after landing. 
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2. 3. 2. 7 Operating Times and Modes - The ARC requires six (6) dedi- 
cated Orbits per day having two (2) hours of daylight observing on eight 
(8) hour centers. The operating modes for the SLAC and the WLC are de- 
scribed In Tj.bles 2-9 and 2-10 respectively. 

2. 3. 2. 8 Orbital Requirements - The Orbit altitude required Is 
above 200 km, but a higher altitude of AOO km or better Is preferred. 

No Inclination Is specified. 

2 . 4 Pointing Requirements 

The pointing requirements ot all the Instruments are discussed 
In Section 4.5. 

2.5 Mission Requirements 

Mission requirements have been reviewed of all Instruments 
selected for this study as well as the Instrument/experiment operating 
requirements nd scientific objectives in order to establish an inte- 
grated set of mission requirements and still satisfy the thermal, communi- 
cations, and power requirements. The integrated requirements are as 
follows: Altitude 400 km (216 n.mi.); Inclination 28.5 degrees; Beta 

angle of approximately 52 degrees '(Launch date Dec. 18) ; Attitude will 
be solar inertial with the x axis in the Orbit plane; mission duration, 

7 days. These requirements also place specific requirements on the 
Orbiter such as, no OMS kits are required and 1 energy kit is required 
for supplemental electrical power. 


3.0 ATM REUSE REVIEW .\ND ASSESSMENT 


The ATM reuse review was acconplished in three (3) phases: 

1) The post Skylab Spacelab/Multiple Telescope Mount (MTi) ATM feasi- 
bility study documentation review; 2) ATM drawing review; and 3) Review 
meetings with the Lead Engineers of the Spacelab/MTM ATM feasibilit ’ 
study. 

3.1 Documentation Review - The documents shown in Table 3-1 wore 
reviewed. These documents covered both the initial Spacelab feasi- 
bility study and the follow-on Multiple-Telescope mount study as well 
as the Skylab Operations Handbook. All Working Group Minutes and 
Action Items were also reviewed. 

3.2 ATM Drawing Review - In addition to the documentation review, 
ATM drawings were obtained from storage and reviewed. These drawings 
and a parts list and hardware status is presented in the attached 
Appendix A. 

This status contains the drawing number and hardware list, the lo- 
cation of the part on the ATM, the No. required, spares in storage, 
modification requirement, and the Original vendor. 

3.3 ATM Review Meetings - The review’ meetings held wiLh the 
Original STS/Spacelab/MTM Study conducted in 1974 and 1975 are as 
follows : 


Engineering Technical Lead 

G. 

Stone 

Structures 

J. 

Swickard 

Thermal 

C. 

Class 

G & C 

L. 

Cloud 

C & DM 

- T. 

Rasser 

Power 

0. 

B. Smith 

Contamination 

E. 

Ress 


All original studv leads are still employed by Martin-Marietta, Denver. 








Table 3-1 ATM Review Documents 



Document/Title 

Date Prepared 

1) 

Spacelab ATM Payload Interface Definition Document 

Feb. 

1974 

2) 

Spacelab ATM Feasibility Study; 




Vol. I Technical Report 

Sept. 

1974 


Vol. II Executive Summary 

March 

1975 


Vol. Ill Structures 

Nov . 

1974 


Vol. IV Thermal 

Nov. 

1974 


Vol. V Attitude and Pointing Control System 

Nov. 

1974 


Vol. VI Instrumentation and Communication 

Nov. 

1974 


Vol. VII Controls and Displays 

Nov. 

1974 


Vol. VIII Contamination 

Nov . 

19:^4 


Vol. IX Electrical P. wer 

Nov. 

1974 

3) 

Final Report ATM Shuttle Payload Feesibilitv Study 
(F74-07) 

Oct . 

1974 

A) 

Progress Report, Multiple Telescope Mount (MTH) 
(ED-2002- 1764) 

Feb. 

1974 

5) 

Integrated Mission Planning, First Two Years of 
Shuttle Missions, Mission ATM-B, Spacelab Mission 
Pallet Only, Apollo Telescope Mount 

Oct . 

1974 

6) 

APCS Analysis of the ATM as a General Payload Carrier 

Dec . 

1974 

7) 

Spacelab MTM Feasibility Study Working Group Meeting 
Presentations and Minutes 



8) 

Skylab Operations Handbook, Apollo Telescope Mount 
Systems and Experiments Description 

July 

1971 
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4.0 ATM, IPS & AGS DESIGN CONCEPTS 


4.1 Structural/Mechanical 

4.1.1 Introduction - This section provides the results of the 
structural/mechanical portion of the study on the feasibility of mount- 
ing new solar instruments in the existing ATM hardware. The study work 
has been of a conceptual design nature consisting primarily of layouts 
and providing analysis only where required to validate the design 
approach. The previous ATM study v'ork has been utilized as a starting 
point, and new approaches have been investigated only where benefits 
could be gained without the sacrifice of the existing, workable system. 

The ATM hardware was evaluated for use in three different point- 
ing systems; the existing ATM fine pointing control system, the Instru- 
ment Pointing System, and the Annular Gimbal System. 

A set of self-imposed requirements/guidelines used during the 
study are listed below; 

- Utilize to a maximum the existing ATM hardware. 

- Maintain the canister center of gravity to within 1.5 
inches of the spar/canister centerline (to achieve 
similar pointing accuracies as on Skylab) . 

- Baseline film removal in the OPF after ATM removal 
from the Orbiter (previous studies have shown film 
able to withstand re-entry soak temperatures). 

- Assume shared STS flights (payload of opportunity) . 

4.1.2 ATM Hardware Teview - This section is presented to review 
the characteristics and capabilities of the existing ATM hardware and 
to provide the background such that the design concepts presented in 
following sections can be more easily followed. The existing ATM 
hardware can be divided into three major structural levels; the SPAR 
Assembly, the Canister Assembly, and the Canister Support Structure. 

Figure 4. 1.2-1 depicts the ATM SPAR as configured for the Skylab 
mission . 
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Stiffener Ring 
(Top & Bottom) 



Figure 4. 1.2-1 ATI I SPAR 





This cruciform SPAR provides the structural interface for the instru- 
ments and serves as the system optical bench. The SPAR consists of the 
experiment mounting plate, stiffener rings, and the girth ring. Ttie 
experiment mounting plate provides eight mounting surfaces for instru- 
ment attachment. These plates are made from 1-1/8 inch aluminum 
plate and are approximately 60" x 120" each. Two-inch diameter lighten- 
ing holes are located over' the surface of the plates and cause a 40% 
weight reduction. In use, multilayer insulation blankets completely 
enclose the mounting plate to prevent thermal gradients on the plates. 
Stiffener rings located top and bottom increase the overall stiffness 
of the assembly. The girth ring adapts the SPAR assembly to the next 
structural assembly (Canister Assembly) and also interfaces with the 
fine pointing system, gimbal rings and the launch lock system. The girth 
ring is 88 Inches in diameter and is 8 inches deep in cross section. 

The overall SPAR assembly is 88 inches in diameter and has a length of 
approximately 120 Inches. The total assembly weighed approximately 
1400 lbs. on Skylab. 

As shown in Figure 4. 1.2-2, the ATM Canister is made up of the 
SPAR assembly, the Sun End Canister and the MDA End Canister. This 
assembly contains the instruments, has a complete self-contained active 
thermal control system, and is the element that is pointed by the fine 
pointing system. The girth ring from the SPAR assembly ran be seen in 
the figure at the Interface of the two canister assemblies. 

The Sun End Canister is a cylinder, open at one end, made up from 
two concentric shells and the sun shield assembly. Eight cold plates 
form th? inner shell and permit heat transfer via radiation from the 
SPAR mounted instruments. The outer shell is made up of four radiator 
panels which exchange heat from the cold plates via the fluid medium 
and radiate it to space . Forward on the canister is the sun shield assembly 
which shades the radiator panels from solar Impingement and houses the 
aperture doors for experiment viewing. 

Tae MPA End Canister is similar In construction to the Sun End Cani- 
ster except that there is only a single shell consisting of 8 cold plates. 
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Flf’ure 4. 1.2-2 ATM Canister 



Additionally, five of the cold plates have access doors in the panels 
for film and experiment access. The aft end of this canister has a 
simple bulkhead design for the external mounting of subsystem equip- 
ment. Overall ATM Canister dimensions are: 107 inch diameter at the 

sun shield and a length of 128 inches. Without instruments, the 
assembly weighs approximately 4100 pounds. 

In actual usage, the instruments are built up on the SPAR assembly 
which is supported by a GSE support fixture. After instrument inte- 
gration and checkout, the canisters are installed over the top and bot- 
tom of the SPAR and are structurally connected to the girth ring. 

Cabling hookup and fluid connections between the cold plates and radia- 
tors complete the assembly. 

The third major ATM structural element is that structure which 
supports the ATM Canister and provides the interface to the vehicle. 

On Sky lab, the ATM Pack Structure performed this function and inter- 
faced with the MDA. Due to size problems (cargo bay envelop violations), 
the previous ATM study determined that the ATM Rack Structure approach 
could not be used. 

Figure 4. 1.2-3 is the Canister Support Structure (CSS) developed 
in the earlier ATM feasibility studies. This structure interfaces with 
the ATM Canister Assembly via pitch and yaw gimbal rings connected to 
the SPAR girth ring. The CSS also provides the launch/landing lock in- 
terfaces between the structure and the ATM Canister. Construction is a 
combination of an eight-sided torque box and truss-type structure. A 
direct Orbiter interface is used with a standard statically determinate 
type interface consisting of two primary longeron attachments (at the 
canister centerline), one stabilizing longeron attachment, and the keel 
fitting located also at the canister centerline. Truss structure ties 
the Orbiter interface trunnions back to the torque box structure. 

The inner surface of the torque box provides the structural attach- 
ments for both the gimbal rings and also houses a new launch /landing 
lock arrangement also developed during the earlier studies. 
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The one shot, ordinance initiated locit on Skylab does not lend itself 
to a redesign that allows relatch for landing. A ball-screw driven 
latch concept was proposed as the design fix and this concept will be 
baselined for this study also. 

The figure also depicts the ATM Canister/CSS in the cargo bay en- 
velope and shows the limits imposed on the ATM Canister length. Two 
areas on the existing canister syst 'ra require modification to fit the 
cargo bay envelope. The Sun End Canister Sun Shield requires a re- 
duction in diameter from 107 inches to 104 inches to fit the envelope 
and provide sufficient clearance. A cable drum which maintains control 
over the cabling during roll marei.vers is shown near the keel area. 

As configured on Skylab, the cable drum would extend beyond the bay en- 
velope. The figure shows ’'-;h the modified cable drum and sun shield. 

The top surface of the CJS incorporates a slight slant which 
serves to prevent solai reflection back onto the radiator surfaces. A 
startracker and acquisition sun sensor from the ATM Rack Structure have 
also been relocated to the CSS. 

Preliminary design data from the earlier study indicates - total 
weight of 1900 pounds for the 142 inch x 194 inch x 173 inch structure. 

Figure 4. 1.2-4 illustrates a new element developed during the pre- 
vious studies. This Electronics Component Unit (ECU) supports the sub- 
system equipment (control, power and pointing) that was originally 
mounted on the ATM Rack Structure. This concept uses a Spacelab pallet 
to mount a new equipment truss which supports approximately 2500 pounds 
of subsystem equipment. Thermally sensitive equipment is located on 
Spacelab cold plates on the truss and a sun shield is provided over the 
entire pallet to prevent solar entrapment. 

4.1.3 ATM Pointing System Concept 

4. 1.3.1 Instrument Mounting Concept - This section ad- 
dresses the integration of the Solar Instruments into the existing ATM 
hardware. In this ATM Pointing System concept, the ATli Canister Sup- 
port Structure with the ATM Pointing System is baselined and the main 


4-7 


Equipment 

Support 


ORIGINAL P; 

OF POOR QU^^irY 



4-8 


Figure 4. 1.2-4 Electronics Component Unit 



discussion Is centered on the Instrument mounting approaches. 

The relationship between the volume available for instrument 
mounting as provided by the ATM Canister and the instrument size is 
shown in Figure A. 1.3. 1-1. Note that SEUTS will fit within a quad- 
rant if mounted at a diagonal. The mounting envelope restrictions 
(l.e., 36.5 inch radius) are due to the canister cold plates and SPAR 
stiffener rings. It is apparent from the figure, that a simple ap- 
proach involving secondary structure to adapt the instrument is not 
feasible. 

Three design concepts for instrument mounting were evaluated: 

An external shroud concept, a new canister approach, and a two instru- 
ment concept. 

The external shroud concept (Figure 4. 1.3. 1-2) was an attempt to 
mount two instruments within the existing canister and provide an ex- 
ternal shroud on the outside surface of the canister to house the third 
instrument. There are a couple of obvious problems with this approach. 
Due to the geometry of the gimbal rings and the CSS, the third instru- 
ment ends up being locatea approximately 80 inches off the canister 
centerline. The CG offset effect on the pointing system is so signi- 
ficant that an almost equal weight (750 pounds) must be provided at a 
similar offset as ballast. Additionally, at this amount of offset, 
the canister can only be rotated through less than 90° due to inter- 
ference with the cargo bay side walls. These problems were deemed to 
be of sufficient magnitude to drop this approach from further considera- 
tion. 

The second approach considered, examined the potential of providing 
a new structural enclosure to mount the three instruments and utilize 
as much of the existing ATM hardware to outfit the thermal and pointing 
systems. Potential reuse items identified Include: ATM Sun End Cani- 

ster radiators. Sun End and MDA End Canister cold plates, thermal con- 
trol system pumps, valves and other components, and the pointing drives 
(assuming the maos properties for the new canister would be similar to 
the existing canister). New components required Include; the canister 
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Figure 4. 1.3. 1-1 ATM Itountlng Volime Versus Tnstrunent Cross Section 





structure (approximately 90 Inches x 90 inches x 140 inches) and new 
girabal rings (pitch and yaw). Figure 4. 1.3. 1-3 shows a preliminary 
version of the new canister concept. During the evaluation, it was 
concluded that the new canister approach was not feasible based on the 
following points. Additional qualification testing would be required 
for the new canister approach which could Involve thermal vacuum test- 
ing as well as vibration 'testing. The most significant drawback to 
this new canister scheme is that the pointing system accuracy may not 
be maintained at the precise levels achieved using the Skylab ATM sys- 
tem. Finally, the cost involved in the design and fabrication of the 
new elements along with the cost Incurred in testing make this option 
unattractive. 

In keeping with one of the groundrules to minimize ATM hardware 
modifications, a minimum mod approach was developed where only two in- 
struments would be utilized on a single mission. This approach for 
SEUTS and SARDS is shown in Figure 4. 1.3. 1-4. The modification re- 
quired to accomplish this arrangement Involves primarily a change out 
of the experiment mounting plate. This deletion of the cruciform spar 
and replacement with a "H" section is a fairly simple modification. 

The previous ATM study had noted that, due to the complexity of 
the Sun End and MDA End Canisters, structural mods should be limited 
to the SPAR and the experiment mounting plate area. The new "H" sec- 
tion mounting arrangement uses the existing girth rings and stiffener 
rings from the SPAR assembly and would require new 1-1/8 inch aluminum 
plates along with some bracket changes. As noted in the figure, the 
two instrument arrangement also includes the mounting of existing ATM 
SPAR equipment (rate gyro, fine sun sensor, pre-amplifier) and the 
PvAU's for instrument data interfacing. The SEUTS electronic package 
is shown located near the telescope on the instrument mounting plate. 
Center of gravity constraints in all three axes have been maintained 
by the positioning of the instruments and subsystem equipment. Heat 
rejection from the instruments is primarily towards the open quadrants, 
however, openings could be provided through the side plates to provide 
additional local radiation paths. 


un Shield 



Figure 4. 1.3. 1-3 New C'-’t* '■ ter Approach 




Figu.'e A. ’.3. 1-4 SEUTS and SAROS Option, End VI 





Figure 4. 1.3. 1-5 is a side view of the ATM Canister cut along the 
section lines indicated in the previous figure. An envelope restric- 
tion of 124 inches Is shown at the bottom of the sketch. This restric- 
tion is due to the Internal length of the ATM Canister. SAROS, at 109.5 
inches in length, fits within the length envelope with enough margin to 
allow positioning to match its CG with the required SPAR CG. 

SEUTS has an overall length envelope of 135 inches which Includes 
an eight inch clearance at the aft end for thermal reasons. To accom- 
modate SEUTS, a number of options were considered. Lengthening the en- 
tire ATM Canister by providing spacers at Tie attachment of the Sun and 
MDA End Canisters to the girth ring is not workable due to the protrusion 
into the cargo bay envjxope. Allowing the SEUTS to protrude through 
the forward sun shield has some potential in that new aperture doors 
must be provided in any case to handle the new instrument locations. 

This local protrusion could accommodate an eleven inch extension and 
remain within the cargo bay envelope, but only 2-3 inches would be avail- 
able for the aperture door and insulation forward of the telescope. An 
offset door arrangement could possibly be devised to handle this space 
limitation. Another consideration with this approach is the effec*: of 
thermal gradients on the instrument. Approximately 15 inches of the 
telescope would be forward of the cold plate region. Further study is 
required in order to reach a conclusion on the feasibility of extension 
through the Sun End Canister. 

Access to the instruments is achieved through the five MDA End 
Canister access doors and two access doors on the Sun End closure. Fi- 
gure 4. 1.3. 1-6 indicates a preliminary orientation of the new "H" section 
spar within the canister that allows fairly good access through the MDA 
End Canister cold plate access doors. However, due to the location 
of the access doors near the lower end of the MDA End Canister, they 
will not provide complete access over the length of the Instruments. 

Tlie forward two access doors are useable only for access just aft of the 
sun shield. SAROS does have the majority of its access doors on the 
lower half of the Instrument. SEUTS, however, has the film camera 
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Figure A. 1.3. 1-6 Instriinent Access 








located approximately at the midpoint, and access compatibility re- 
quires additional investigation and data. 

Figure 4. 1.3. 1-7 is an end view of the canister showing a two in- 
strument arrangement with SEUTS and ARC. Note that it is not possible 
to combine SARDS with ARC in the available canister space. The same 
"H" section spar arrangement as for SEUTS and SARDS is used for these 
instruments with the same subsystem equipment locations. Here again, 
the CG can be maintained by relocation of subsystem equipment or by 
the use of ballast. Figure 4. 1.3. 1-8 is tlie side view of the SEUTS 
and ARC instrument configuration. In this combination, botli SEUTS and 
ARC exceed the 124 inch length envelope. At 130.5 inches, ARC appears 
to be better suited to the protrusion approach because additional space 
would be available for door construction. The large forward cross 
section would, however, require a sizeable door and cutout to handle 
the protrusion. Access provisions are similar to that shown in Figure 
4. 1.3. 1-6. 

In both instrument approaches, the forward sun shield area requires 
modification to align the aperture doors with the new Instruments field 
of view. The existing ten doors in the Sun End Canister were cheeked 
against the new solar Instrument requirements, and were found to be 
Incomp.atihle. Because of malfunction during Skylab, the aperture 
door mechanism will also require some upgrading to Insure better reli- 
ability. Any door redesign effort should consider a universal door ap- 
proach that would allow alternate instruments and locations to be flown 
without a ::omp’ te door redesign. The two instrument design concept 
has baselined the replacement of the existing door arrangement with two 
new doors that will handle cither SEUTS and SARDS or SEUTS and ARC. 
Revision of the entire sun end closure assembly is required to provide 
the now doors and also provide the cargo bay envelope clearance. 

4. 1,3.2 ATM System Configuration Opti ons - In order to provide a 
complete pointing system, the ATM Canlster/Canister Support Structure 
requires a sizeable list of supporting electronics and equipment. 
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Flgtire A. 1.3. 1-7 SHUTS and ARC Option, End View 











Figure A. 1.3. 1-8 SEUTS and ARC Option, Side View 




As mentioned in Section 4.1.2, the Skylab supporting hardware vas 
proposed to be relocated off the ATM Rack Structure and integrated 
into the new Electronics Component Unit (ECU). In addition, to inter- 
face properly with the instruments, the use of Spacelab data system 
components have been baselined (see Section 4.2). The use of these 
three major system elements allows for two primary system configura- 
tions. The first system "uses the ATM Canister/Canister Support Struc- 
ture along with the ECU that includes the Spacelab Igloo (containing 
C 4t DH components). The second option involves the ATM/CSS and the 
ECU, but utilizes the Spacelab module to provide the C & DH inter- 
faces. Both of these approaches were looked at during the former 
ATM studies. 

This study investigated the feasibility of combining the sub- 
system equipment from the ECU (including the Igloo) onto the Canister 
Support Structure. Figure 4. 1.3. 2-1 depicts this Integrated .4TM 
configuration. 

The Spacelab Igloo is shown mounted on the Canister Support 
Structure torque box structure using a similar structural interface 
as on the pallet. Mounting of the three Control Moment Gyros (CMG) 
uses the orthogonal arrangement similar to Skylab. A truss structure 
supports the CMG's and reacts the launch and landing loads (as well as 
the reaction torques) back into the CSS structure. Control and data 
handling, power, and pointing control equipment is now located below 
the CSS octagon structure on equipment trusses located off the keel 
support truss members. A list of the truss-mounted equipment is pro- 
vided in Table 4. 1.3. 2-1. 

A thermal enclosure is provided over this equipment and as noted 
in the table, cold plates are required on some of the electronics. 

The Orbiter active cooling system would be connected to the cold plates 
using the Orbiter to payload Interface system. 

The integrated ATM Figure 4. 1,3. 2-1 also shows the new. two door, 
aperture door arrangement discussed previously. 


4-21 





Table 4.1. 3.2-1 Integrated ATM Subsystem Equipment List 


ITEM 

WEIGHT (lbs) 

VSM 

REMARKS 

CMC Assembly 

420 

B 


CMC Inverter Assembly 

52 


Cold Plate Mtg. 

ATM Digital Computer 

100 


ti ti n 

Experiment Pointing 
Electronics 

165 

■ 


Workshop Computer 
Interface 

105 

1 

Cold Plate Mtg. 

Acquisition Sun Sensor 
Elect. 

1.5 

2 


Voltage Regulator 

14 

1 


Signal Conditioner Rack 

15 

4 


Memory Load Unit 

20 

1 


MLU Tape Recorder 

10 

1 


Startracker Electronics 

32 

1 


Remote Acq. Units (RAU) 

21 

4 

New Equipment 

Amplifier Package 

8 

1 

It 11 

Electrical Power Dist. Box 

18 

1 

Spacelab Equipment 

Inverters 

73 

1 

11 II 

High Data Rate Recorder 

104 

1 

It II 

Fine Sun Sensor Sign.Cond. 

17 

1 



Access to the ATM canister is achieved through an opening between the 
CSS keel trusses (end view in figure) . This access arrangement makes 
use of the capability of the pointing system roll ring to rotate the 
canister under Ig conditions. This allows the five access doors to be 
positioned in alignment with the opening. 

As shown on the figure, the Integrated ATM measures 204 inches in 
length (Igloo to CMG's) 194 inches wide (dimension across cargo bay 
trunnions), and is 170 inches in height. The total system weight with 
the heaviest combination of instruments is approximately 14,700 lbs. 
This compares to 16,600 lbs. for the ATM and ECU (Igloo) option which 
is 307 inches long. 
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4.1.4 Instrument Pointing System (IPS) Interface - In this con- 
cept, the ATM canister is used with very little external modification. 
The existing thermal control system maintains an acceptable tempera- 
ture for the experiments. A cylindrical shell provides the structural 
interface between the ATM canister and the pointing system. The exist- 
ing ATM pointing system is not utilized becaus** the Instrument Point- 
ing System controls the e'xperiment orientation. 

The European Space Agency’s Instrument Pointing System (IPS) is a 
precision pointing mechanism with three rotation gimbals: An azimuth 

glmbal, a roll gimbal, and an elevation gimbal. (See Figure 4. 1.4-1) 
The payload is connected to the gimbal system at the Payload Attach- 
ment Ring (PAR), which is attached in turn to the elevation gimbal. 

The PAR, which is provided by Spacelab, connects to the ATM/ IPS 
Structural Interface Shell. This shell as previously mentioned, is a 
cylindrical support structure which encloses the MDA end of the ATM 
and attaches to the existing ATM girth ring. 

During launch and landing, the payload is separated from the IPS 
to prevent excessive loading of the gimbal system. The Payload Clamp 
Assembly (PCA) supports the payload at the girth ring during these 
periods. The PCA hardware is supplied with the IPS. 

An Optical Sensor Package completes the Spacelab-provided IPS 
equipment. This sensor, which can be used fnr either solar or stellar 
experiments, is mounted on the ATM at the girth ring. New hardware is 
required to mount the optical sensor to the ATM girth ring. 

The ATM/ IPS system is mounted on a two-pallet train. The Payload 
Clamp Assembly and the IPS gimbal structure are attached at the pallet 
hardpoints. The two pallets are fastened together which allows four 
sill trunnions (two primary, two secondary) and one keel trunnion to 
support the entire assembly. (See Figure 4. 1.4-1) 

A Spacelab-provided Igloo also is mounted on the pallet train. 

This contains electronics associated with the Spacelab data and power 
interfaces. 


4-24 



Figure A. 1.4-1 ATM/IPS Mounting Concept 



The overall length of the payload from the edge of the Igloo 
to the outside of the sun end canister of the ATM Is 301.3 Inches. 

The center of gravity of the entire assemi.ly. Including pallets, is 
129.6 Inches from the sun end toward the IPS glmbal. 

The ATM/ IPS concept can accommodate experiment equipment length 
Increases. Canister extenders can lengthen either the sun end canister 
or the MDA end canister of the ATM. 

The total weight of the payload Is about 13,000 lbs. The modi- 
fied ATM canister with experiments and optical sensor weighs approxi- 
mately 5,762 pounds. This is greater than the 4,405 pounds (2,000 kg) 
design load for the basic Payload Clamp Assembly hardware. However, 
if the pallet hardpoints are reinforced and replaceable PCA struts with 
high enough load carrying capacities are used, the IPS and the PCA 
can support 6,608 lbs. (3,000 kg), which is well over the ATM weight. 

The payload lies within the STS Cargo Bay Envelope when in the 
stowed condition. The centerline of the stowed ATM is at Zq 400; the 
outside edge of the sun end of the ATM is at 2^582.4 when the ATM is 
deployed. 

4.1.5 Annular Suspension and Pointing System Glmbal System (AGS) - 
T^je ATM/AGS concept incorporates much «f the same equipment as the ATM/ 
IPS concept. The modified ATM canister is exactly the same with the 
same structural shell; the existing thermal control system provides the 
temperature control. The AGS controls the experiment orientation. 

The ASPS Gimbal System (AGS) is a precision three-gimbal pointing 
system similar to the IPS. (See Figure 4. 1.5-1) The payload is attached 
to the AGS at the Payload Adapter Plate (PAP) which is part of the Pay- 
load Mounting Structure (PMS). The PMS connects to the roll gimbal. 

The PAP is attached to the ATM/AGS Structural Interface Shell 
which is identical to the ATM/ TPS shell. The launch and landing lock 
is also the same as in the ATM/ IPS concept: the Pay lead Clamp Assembly. 

The same two-pallet train with Igloo is used, and four sill trun- 
nions and one keel trunnion attach the pallets to the Orbiter. The 
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Figure 4. 1.5-1 ATM/ AGS Mounting Concept 








framework supporting the AGS Is new. 

The overall length is 301.3 inches, with the center of gravity 
129.6 inches from the sun end. The ATM/ AGS concept can accommodate 
length increases in the experiments just as the ATM/IPS concept can, 
using canister extenders. 

The total payload weight is about 12,700 lbs. 

4.1.6 STS Integration - This section deals with physical inter- 
faces between the Orbiter and the various ATM pointing system options. 
All of the pointing system options have been evaluated for potential 
cargo bay locations and have been checked against the following 
criteria: availability of Orbiter attachment, fittings, space for addi- 

tional cargo, weight of STS cargo chargeable items, location near the 
Orb iter-combined CG, and the cargo element longitudinal CG location. 

Of these criteria, cargo chargeable weight and location near the Orbi- 
ter CG, bear further explanation. 

Included in the STS cargo chargeable weight items are: the bridge 

and retention fitting weights (keel and longeron), one EPS kit (See 
Section 4.4, Electrical Power), and the Standard Mixed Cable Harness 
(SMCH). For purposes of cargo CG, the entire SMCH (786 pounds) was 
included in the cargo element weight. For a shared flight, the SMCH 
weight would be shared with other cargo elements, dependent on weight 
and cargo bay length relationships. 

Location of the pointing system near the Orbiter center of rotation 
(the Orbiter-combined CG is between Xq 1077 and XoH09) allows the point- 
ing system to deal primarily with rotations (excludes translation ef- 
fects) , and also eliminates the coupled accelerations (due to lever arm 
effects) on the pointing control system. 

Figure 4. 1.6-1 'illustrates the ATM and ECU arrangement in the Orbi- 
ter cargo bay. The location selected puts the ATM canister/SPAR CG as 
close to the Orbiter-combined CG as possible. With this configuration, 
the ATM CG is five feet forward of the nominal Orbiter combined CG. 
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ATM/CSS Co OrbiCer Interfaces are attachment fittings Xq 1061.13 
(keel and primary longeron) and Xq 1002.13 (stabilizing longeron). 

The Spacelab pallet has been located In Its most aft location and the 
proper clearance between Che Igloo and the Al^ has been provided. 
Thirty-four (34) feet of cargo bay space is available forward of the 
ATM for additional payloads. 

The arrangement using the Spacelab module Is shown In Figure 
4. 1.6-2. Here the ATM and pallet are In the Identical locations as 
the previous sketch. Removal of the Igloo from the pallet does not 
allow the ATM to move aft (near^'^r the CG) due to a lack of Orblter 
attachment points in this region. The module Is shown in one of the 
standard positions. It is apparent from the figure, that no additional 
cargo can be lown with this configuration. 

An Integrated ATM cargo is depicted In Figure 4. 1.6-3. Here the 
ATM has been located as close as possible to the region of the Orbiter- 
combined CG. Lack of keel attachment fittings again prohibits a nomi- 
nal combined CG range location. This configuration provides thirty 
(30) feet of available space for shared payloads. 

The ATM/ IPS and the ATM/AGS concepts result in almost Identical 
cargo geometries and CG's. For this reason, a single STS integration 
figure is used to represent either the ATM/IPS or the ATM/AGS. Fi- 
gures 4. 1.6-4, 4. 1.6-5, and 4. 1.6-6 represent STS integration as far 
forward as possible, as far aft as possible, and with the cargo CG lo- 
cated at the STS combined CG, respectively. 

Loading the cargo in the forward location leaves 5 feet forward 
and 30 feet aft of the assembly. In the aft location, the space for- 
ward of the cargo is 27 feet, with 7 feet aft. When the ATM pallet 
train is loaded at the CG location, 30 feet of space is left forward 
and 4 feet is left aft. All cases result in the cargo element being 
within the Orblter longitudinal CG envelope. 

4.1.7 Mass Properties - The mass properties effort has been 
limited to top level weight and CG assessments due to the preliminary 




Figure 4. 1.6-2 A'lK + Mcxlule + ECU Cargo Element 













Figure 4.1.f>-4 ATM/Polnting Platform Cargo Element, Forward Location 




Figure 4. 1.6-5 ATM/Polntlng Platfom Cargo Element, Aft Location 




nature of the study. Table 4. 1.7-1 provides a weight comparison of 
the five pointing system options investigated in the course of the study. 
Most of the entries are self-explanatory; however, the growth and STS 
chargeable numbers can use some clarification. 

The growth or i^ight margin number is based only on new structure 
and new equipment weight and therefore, may appear small when compared 
to the total cargo element weight. The margin is actually greater than 
20% of the new equipment weight. 

The STS chargeable weight Includes; one EPS kit, the complete SMCH, 
and the retention/attachment hardware. ECU options include a larger 
STS chargeable weight because they Include retention hardware for both 
pallet and CSS. The module option includes airlock and tunnel plus re- 
tention hardware for module, CSS, and ECU. 

The CG row at the bottom of the table provides the total cargo 
element CG location, in Orbiter coordinates, for the five approaches. 

The capability entry, presents a weight comparison of the maximum pay- 
load weight for shared cargo. This weight comparison is based on an 
assumed 32,000 pound sortie mission. A CG location is also given for 
the shared payload. This number represents the most forward CG lo- 
cation of the shared payload weight such that, the total cargo remains 
within the Orbiter lor.gitudinal CG curve. 

4.1.8 Summary - The study results show that the ATM hardware has 
the potential for reuse in either the ATM Pointing System mode or the 
NASA-provided pointing platform options. Additional study effort is 
required, for any of the hardware usage options, in the areas of; In- 
strument size (both cross section and length) versus canister envelope, 
aperture door configuration (universal door versus dedicated doors for 
each mission), and overall Instrument accessibility. 
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4 . 2 Commana and Data Handl Ing (C&DH) 

C&DH aspects of integrating the pointing systems into the Shuttle 
payload bay wx_l be discussed in this section. Payload Instrument and 
support system telemetry and command requirements will first be defined. 
Data system concepts which accommodate these requirements in conjunction 
with the pointing systems under evaluation will then be explored. 
Finally, recommendations will be made for onboard multiplexing, record- 
ing, and eventual recovery of these data using the Shuttle RF system. 

4.2.1 Previous Study Conclusions - In reviewing the C&DH conclu- 
sions reached during the earlier ATM feasibility study, it should be 
noted that the scientific payload then consisted of the ATM solar in- 
struments flown previously on Sky lab. For that payload, it was con- 
cluded that the ATM data system flown on Skylab, and presented in 
Figure 4.2-1, be fully utilized. Obviously, this eliminated any ques- 
tions of compatibility between the instruments and data system; but 
did present some compatibility problems with the Orbiter data system. 

The 72 kbps ATM telemetry consisting of 10 bit words had to be converted 
to a PCM signal containing 8 bit words with a rate less than the 64 kbps 
limit for Orbiter payloads. It was further recommended that the ATM 
command system presented in Figure 4.2-2 be used. Using this approach, 
onboard control of the payload was to be achieved by locating ATM con- 
trol and display panels in the Orbiter aft flight deck. 

4.2.2 Payload C&DH Requirements - Data and command requirements 
were extracted from the instrument ERDs; and similar support system re- 
quirements vere obtained from the earlier ATM study report. The in- 
strument telemetry requirements are summarized in Table 4.2-1. Sample 
rates for the individual analog and discrete channels identified in 
the ERDs were assumed based on the data available o . past experience 
with similar payloads. The serial PCM signals were defined in the ERDs. 
The 1 ^ bps serial PCM rate used for SEUTS was based on data provided 

by the GSFC project office. 

Our interpretation of ERD statements indicates that there is a 
similarity of data content in the SAROS video signal and the 524.3 kbps 
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Figure 4.2-2 ATM CoioBand System, Previous Study 


















signal. The video is Intended for onboard display and the digital 
signal is transmitted to the POCC, and both are used simultaneously by 
ground and onboard personnel for correlated instrument setup. ERD 
statements indicate a desirability for some video transmission to the 
POCC, but this is not specifically a requirement. Finally, it should 
be remembered that the primary payload data is recorded on film, and 
the data listed in Table 4.2-1 is intended for status monitoring, in- 
strument setup, and subsequent data analysis. 

Estimated telemetry required for the ATM subsystems e.g. the APCS, 
TCS, and S&M, were extracted from the previous ATM study, and are 
listed in Table 4.2-2, with no modification since the APCS and TCS sub- 
systems remain intact and similar S&M monitoring is assumed. A.TM tele- 
metry for the C&DH (previously referred to as Instrumentation and Com- 
munication) and EPS have been deleted since we plan on using available 
Spacelab capabilities in these areas. However, to assess data bus load- 
ing, estimates of data were made for these Spacelab subsystems. As in- 
dicated in Table 4.2-2, a rather low level of experiment ind subsystem 
data bus loading is anticipated. 

In evaluating the uplink command and control requirements of the 
payload, consideration was given to potential uplink operational con- 
straints identified by previous GSl'C studies. These constraints on 
uplink command capability are introduced by the fact that these command 
data flow through numerous facilities, equipment, and interfaces associ- 
ated with the POCC, GSFC, NASCOM, MCC, TDRSS, Orbiter, and Spacelab. 

The result is a considerably reduced effective command rate on the order 
of 10 tc 100 bps rather than the 2 kbps published capablli'.y, due to 
compounded processing and communication delays, numerous verification 
loops, and communication interruptions. These constraints could result 
in an average command processing time of 1-2 seconds. With these limi- 
tations in mind, the payload command requirements tabulated in Table 
4.2-3 were analyzed. Except for updating stored command pages associ- 
aged with SAROS, and the SLAC memory update; the estimated uplink times 
required are quite manageable .-^nd should not adversely affect payload 

































Table 4.2-3 Payload Connand Requirements 
































operations. 


4.2.3 Data System Concepts - A decision was made early in this 
study to utilize the Spacelab C&DH subsystem rather than the ATM data 
and command system indicated in Section 4,2.1. The factors affecting 
this decision are listed in Figure 4.2-3 and offer very compelling 
reasons for the decision. It should be noted that the previous study 
evaluated a payload consisting of the Skylab ATM instruments with which 
the ATM data system was very compatible. Current instrument concepts 
are more oriented toward a Spacelab- type system. 

Our evaluation of data system concepts was initiated with a de- 
finition of the detail Interface between each of the Instruments and 
the Spacelab data system components, basically the Remote Acquisition 
Unit (RAU). These interfaces are illustrated for each instrument in 
Figures 4.2-4 and 4.2-5. It should be noted in Figure 4.2-5 that sepa- 
rate Interfaces are shown for the WLC and SLAC although these are 
physically recognized as a single instrument package. They have been 
shown separately because, in reality, there are two separate data sys- 
tems . 

It can be seen from the summary of scare channels on each figure 
that each of the Instrument pairs requ; res a substantial part of an 
RAU's capacity, without giving any consideration to spare or redundant 
channels. Redundant command channels would probably be quite desirable. 
For either of the instrument combinations presented in Section 4.1, two 
RAUs will be required, and will provide adequate spare and redundant 
channel capability. 

Referring to Tables 4.2-2 and 4.2-3, it can be seen that the ATM 
support subsystems require about 380 RAU channels for telemetry and up 
to 125 channels for command. It seems safe to assume that these re- 
quirements could probably be reduced by a more detail -d requirements 
analysis if it became necessary to reduce the RAUs required. At least 
4 RAUs are required to satisfy these subsystem requirements, and it 
would be desirable for one of these RAUs to be located on the ATM Cani- 
ster to support the TCS and some APCS components. However, the thermal 
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Figure 4.2-4 Instrument Data Interfaces 
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Figure 4.2-5 Instrument Data Interfaces 



analysis presented in Section 4.3 will suggest an insufficient thermal 
margin to accommodate any RAUs on the canister. In this event, all 
the RAUs will be located on the CSS. This, or course, implies that the 
instrument and support system telemetry and command leads, a total of 
about 450 signals, will cross the ATM gimbals. Because of the limited 
canister movement, this should not be a serious problem as substanti- 
ated by Skylab performance where more than a thousand leads crossed 
this interface. 

4.2.3. 1 ATM Approach - The C&DH configuration recommended for in- 
tegration of the ATM and its payload with the Spacelab and Orbiter data 
systems is shown in Figure 4.2-6. Major data system equipment within 
the Payload, Spacelab module and Orbiter is indicated. The Payload part 
of the diagram shows the instruments, the TCS and some APCS components, 
and 3 oi 4 RaUs located on the ATM canister. If necessary, because of 
thermal limitations, the RAUs can be located on the CSS with the remain- 
ing 2 subsystem RAUs. Approximately 100-110 telemetry parameters from 
the TCS and APCS require low level signal processing and amplification 
before interfacing with an RAU. This signal processing is provided by 
3 or 4 ATM Signal Conditioning Racks (SCR), each of which can accommo- 
date 40 low level signals. These 100-110 conditioned, low level (20 
millivolt) signals must then be amplified to the 5 volt level for com- 
patibility with the RAUs. This will require design of a new amplifier 
package consisting of about 120 parallel, integrated circuit amplifiers. 

The RAUs interface with the Spacelab experiment and subsystem data 
busses and computers within the module. The bus data plus the high rate 
serial digital signals from the payload are combined in the high rate 
multiplexer (HRM) and trar.cferred to the Orbiter Ku-band system for 
transmission, or stored on the high data rate recorder (HDRR) . Payload 
video is available for display in the module or Lhe Orbiter aft flight 
deck (AFD) . Payload control is possible from the module keyboard, the 
AFD keyboard, or from the ground POCC. 

Figure 4.2-7 shows the C&DH configuration when the Spacelab lodule 
is not used, and tne data system hardware is housed ir. the Igloo. Pay- 
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Figure 4.2-7 ATM C&DH Diagram (Igloo) 







load control is then effected from either the AFD or POCC. The other 
change of significance is the fact that the HDRR does not fit in the 
Igloo, and will, therefore, be located on the CSS. 

An option exists to control ATM pointing using either the ATM 
Digital Conputer (ATMDC) or the Spacelab subsystem computer. Avail- 
ability of both the ATMDC and the required software makes this the 
cost effective approach. It is therefore necessary to interface the 
ATMDC with the Spacelab data system for control and monitoring purposes. 
An approach to achieving this Interface is presented in Figure 4.2-8. 

One problem is presented by the telemetry data generated by the com- 
puter, which is a 50 bit word format occurring 24 times per second. 

Serial digital inputs to the RAU must be in a 16 bit word format up to 
a maximum of 32 words per message, at a clock rate of 1 Mbps. This in- 
compatibility can be resolved by providing a Buffer consisting of a 50 
bit register to receive the ATMDC telemetry, which is then clocked out 
in 16 bit words at a 1 Mbps rate. The Buffer would also process the 
User Time Code (UTC) signals to provide the 1 and 24 pulse per second 
signals required by the ATM. For on-off commands, the ATMDC requires 
a minimum 28 millisecond pulse and the RAU generates a 100 millisecond 
pulse. There may be some pulse level or drive current processing re- 
quired, which would also be included in the Buffer package. 

Figure 4.2-8 also shows an ATMDC interface with the Workshop Com- 
puter Interface Unit (WCIU) via dual parallel 16 line interfaces. The 
WCIU provides signal conditioning for two-way data exchange between the 
ATMDC and components of the APCS, as indicated in Figure 4.2-9. Even if 
a decision is made . ; to use the ATMDC, it will probably be desirable 
to retain the WCIJ, and therefore, an Interface with the data bus must 
be provided for two-way data exchange. The 16 line input to the WCIU 
can be provided by adding a serial-to-parallel converter to accept the 
16 bit serial words from the RAU. The 16 line output from the WCIU can 
be directly introduced to the RAU discrete Inputs. 

4.2. 3.2 IPS Approach - The C&DH configuration recommended for in- 
terfacing an IPS mounted payload to the Spacelab data system is prasented 
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Figure 4.2—8 ATJI Dlglt«»l Coinputer Data Interfaces 





Figure 4.2-9 WCIU Data Interfaces 











in Figure A. 2-10, which assumes use of the Spacelab module. The over- 
all configuration and data interfaces are very similar to those re- 
quired for the ATM. Some constraints do exist with the number of wires 
crossing the IPS gimbal Interface. A cabling harness accommodates wiring 
for three RAUs mounted on the IPS attachment ring, which would be ade- 
quate to support the instruments considered in this study. The harness 
also includes wiring for three HRM channels, which again is adequate; 
but provides wiring for only one video cable, whereas our instrument'? 
generate two video signals. 

Some consideration has been given to mounting the ATM canister 
plus instruments on the IPS. The numerous TCS telemetry channels and 
commands could be accommodated by a single RAU, but a problem would be 
encountered in processing the approximately 40 low level measurements. 

One possible solution would be to mount the required Signal Conditioning 
Racks and associated Amplifier stages external to the ATM canister so 
the low level data could be conditioned and fed into the RAU before 
crossing the gimbals. 

Figure 4.2-11 illustrates the C&DH configuration for the Spacelab 
Igloo configuration, which indicates the same impact as for ATM with 
respect to the HDRR. 

4. 2. 3. 3 AGS Approach - The typical C&DH configuration and data in- 
terfaces associated with an AGS mounted payload are depicted in Figure 
4.2-12. The diagram clearly shows two data bus interfaces with the 
platform-mounted components. One bus Interface is typical for a science 
payload interfacing with the Spacelab data system. The other bus inter- 
face controls and monitors pointing control hardware on the platform 
under control of a dedicated NSSC-II computer located on a pallet. 

As in the case of the IPS, a limited wiring interface across the 
AGS gimbals is provided for payload power and signals. An adequate num- 
ber of twisted-shlelded pairs are available to accommodate data bus 
wiring to several RAUs plus high rate digital channel Inputs to the HRM. 

A possible problem appears to be the lack of any capability to carry 
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Figure 4.2-11 IPS C&DH Diagram (Igloo) 


















payload video signals across the gimbals. 


^.2.3.4 Payload Data Handling - The primary components within the 
jpacelab data system which process the scientific data are the HRM and 
HDRR, regardless of the pointing platform involved. The HRM combines 
the high rate digital signals from the payload, as shown in Figure 
4.7-13, with the data bus, digitized voice, and timing signals. The 
HRM has the capability to combine up to 48 Mbps of data, so any combi- 
nation of the Instruments in questicrt utilizes only a small part of that 
capability. The combined rate of the three Instrument data signals, 
as Indicated in the figure. Is about 1.7 Mbps. Since the HRM and HDRR 
operate at binary multiples with respect to 1.024 Mbps, the HRM would 
generate a 2 Mbps signal to accommodate the peak payload data rate. 

For a combination of only the SARDS and SLAC instruments as an example, 
a 1 Mbps HRM rate would be adequate. 

During those periods when RT transmission is not possible, the 
HDRR is available to store the 2 Mbps for extended periods if required. 
Playback of this data is possible at a 1:1 rate or in binary multiples. 
As presented In Figure 4.2-13, the data is played back through the HRM 
and combined with any K>. data being generated. Tae figure also in- 
cludes a table of Ku-band link capability, which shows a PM mode 
capacity to handi” digital rates up to 50 Mbps. Also interesting is 
the FM mode capability used to recover video data simultaneous with a 
digital signal up to 2 Mbps. This means that RT payload digital data 
of 1.7 Mbps could be transmitted at the same time as a payload video 
signal . 

The approach used to combine the various data signals within the 
HRM is clarified somewhat by the format diagram illustrated in Figure 
4.2-14. The basic HRM format consists of a 96 word (16 bit) frame 
generated by sequencing through 16 columns of 6 lines each, and result- 
ing in 1536 bits/frame. 

The 2 Mbps HRM rate is produced by repeating this sequence 133G 
times per second. Since the SEUTS produces a 1 Mbps signal, this will 
cons"me about half the format or 48 words, with 25 required for SARDS, 
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Figure 4.2-14 Real Time HRM Format 



and 1 or 2 for SLAC. The synchronization, voice, timing, and bus ddta 
require less than 10 format words. This format will then produce 
about 1.7 Mbps of multiplexed payload data plus 0.3 Mbps of spare or 
filler bits. 

Figure 4.2-15 presents a possible HRM format capable of accommo- 
dating 2 Mbps of RT data at the same time as 2 Mbps of recorded data is 
played back through the HRM. 

4.2.4 RF Link Support - RF support to the payload will be provided 
by the Shuttle RF systems, principally the Ku-band system. A summary 

of predicted RF link circuit margins for the Shuttle communication 
links is provided in Figure 4,2-16. 7t can be seen that the Ku link 
provides a +3.3dB margin for a 50 Mbps signal, ws'.ich indicates that 
strong margins in excess of 10 dB can be expected for payload rates on 
the order of 10 Mbps or le>s. The margin for a video signal is pre- 
dicted to be +5.5 dB, which should be adequate for the Intended use of 
these data to support onboard instrument setup. A good uplink margin 
of +7.3 dB is predicted for command and voice transmission to the 
Shuttle. Only very limited support is provided by the S-bank Shuttle- 
to-TDRSS system. As the fig? re Indicates, this link can only handle 
the Shuttle engineering data at a 192 kbps rate, which can contain up 
to 64 kbps of payload engineering data. This link should not be consi- 
dered for recovery of payload science data. 

4.2.5 C&DH Conclusions - The following conclusions are drawn ftom 
the C&DH study effort: 

a) It is both performance and cost effective to use the 
Spacelab data system rather than the ATM data system, 
which has some serious incompatibilities. 

b) The ATM payload Instrument and support system data and 
command requirements can be satisfied efficiently in 
either the Spacelab module or Igloo configuration. 

c) It is probably cost effective to use the ATM digital 
computer and available software for control of the 
pointing system. Only minor Interface problems will be 
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Figure 4.2-15 Playback HRM Format 
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Figure 4.2-16 RF Circuit Margins 



























encountered between the ATM computer and the Spacelab 
data system. 

d) The Instrument payload under consideration can be supported 
satisfactorily by the Spacelab data system when mounted on 
either the IPS or AGS, If a way Is found to carry the two 
video signals across the gimbals. Use of the ATM canister 
for thermal and structural support of the payload on either 
the IPS or AGS will require mounting of 2 or 3 RAUs m the 
ATM to avoid wiring problems across the gimbals. 
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4.3 Thermal Control System 

This section describes the solar scientific Instruments thermal 
requirements, ATM canister thermal environment, instrument combinations 
and ATM/ STS design concepts. The main objective is to illustrate thermal 
compatibility if possible of the configurations (Integrated ATM, IPS/ATM 
and AGS/ATM) introduced in Section 4.1. 

'.3.1 Instrument Thermal Control Requirements and Descriptions - 
The scientific instruments thermal control requirements and descriptions 
are summarized in Table 4.3-1. The operating temperatures and accept- 
able thermal gradients of the instruments are within the design capa- 
bility of the ;hermal canister prrvided environment. It may be re- 
quired to coordinate localized instrument hot spots with view ports in 
the instrument support structure to the ATM canister cold plates to ob- 
tain the instrument thermal gradient requirement. The internal scienti- 
fic instrument thermal control systems are all compatible with the pro- 
vided ATM canister thermal environment, (l.e., designed to operate in 
an enclosed thermal environment) . 

4.3.2 ATM Thermal Canister - The ATM canister incorporates an 
active thermal control system to provide the instruments with acceptable 
non-operatlonal and operational thermal environments. The system in- 
corporates a closed fluid loop (methanol/water) with a 900+ 50 Ib/hr 
flow rate. The fluid loop splits prior to the cold plates, therefore, 
there are two parallel flow paths with eight cold plates in series per 
path, for a total of sixteen (16) cold plates. One path removes heat 
from the sun end of the canister and the other from the MDA end. The 
flow then combines and is directed to a modulation flow control valve. 

This control determines the percent of fluid flow to be directed to the 
500 watt capacity in-line heaters and the balance of the fluid is directed 
to the radiators for fine temperature control. The fluid loop is then 
completed. The ATM canister thermal control system provides 50^^+ 1.5°F 
(10° + 0.6°C) cold plate temperatures and a 500 watt heat transport 
capacity. The thermal control system is illustrated on Figure 4.1. 
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Table 4.3-1 Instrianent Thermal Control Requirements and Description 
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4.3.3 Two Instrument Concept - Both ATM/ Instrument concepts ana- 
lyzed Incorporated two Instrument combinations. These two configurations 
are Illustrated In Figures 4.3-2 and 4.3-3. The maximum power dissipa- 
tion for the two Instrument concepts and available power design margin 
provided by the ATM canister are Illustrated In Table 4.3-2. Tl s table 
was generated based on a 500 watt heat load with a 3°F temperature rise 
across the cold plates. A heat load of up to 800 watts can be handled 

by the system if a 5°F temperature rise Is acceptable to the scientific 
Instruments. 

4.3.4 ATM/STS Design Concepts - The three design '.oncepts consi- 
dered are Integrated ATM, IPS/ATM and AGS/ATM. Each concept will be 
discussed separately. 

4.3.4. 1 Integrated ATM - The Integrated ATM configuration is illus- 
trated on Figure 4.3-4. There are a number of thermal considerations to 
be addressed for this conflguvatlon. 

a) The aft and of the canister provides mounting surface 
foe experiment a:id TCS components. The components are 
thermally Isolated from the surface by fiberglass stand- 
off mounts and multilayer insulation. The components’ 
temperature limit range is -12° to 50° C. An exposed 
payload (P/L) bay would provide a sink temperature of 
approximately 105° C which is unacceptable to the com- 
ponents. By shielding the P/L bay from the sun around 
the canister support structure with a silverlzed Teflon 
coated shade, it would provide a sink temperature of ap- 
proximately -4° C. Passive thermal control of aft mounted 
components is feasible in this environment. It is impor- 
tant that the sun shield be tilted away from the ATW 
radiator surface to prevent additional heat load on the 
ATM canister TCS. 

b) The components that were originally mounted on the Skylab 
ATM rack will be mounted on the canister support structure. 

An all-passive TCS would not be adequate for a number of 
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Figure 4.3-3 Two Instrument Configuration - SEUTS + SARDS 





Table 4.3-2 Instrument Power Dissipation - Requirements and Margins 
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these components, therefore, the utilization of the Spacolab 
active thermal control system is recommended. 

The system, by means c* cold plates and a Freon 21 
fluid loop, is capable of transferring to the Or- 
biter radiator via the payload heat exchanger up to 
6.3 kw of thermal energy. The proposed components 
to be cold plated are three CMG Inverter Assemblies, 
two ATM Digital Computers, one Workshop Computer I/F 
Unit, and two High Data Rate Recorders. 

4. 3.4. 2 IPS/ATM and AGS/ATM - From a thermal viewpoint, the IPS 
and AGS systems are similar and will be discussed as one. The IPS /ATM 
configuration is illustrated on Figure 4.3-5. One ATM thermal control 
system component was moved into the canister environment and provides an 
additional 25 waft heat load for these two concepts. To reduce parasitic 
heat load on the ATM thermal control system, the support housing to the 
IPS and AGS mounting rings are lined with multilayer insulation. Addi- 
tionally, since the TCS is self-contained in the canister, no fluid 
lines need to cross the gimbals. 

4.3.5 Conclusions 

The following conclusions were derived from the thermal analysis: 

• The ATM TCS is compatible with instrument temperature 
limits and constraints, 

• The AT*< TCS is compatible with power dissipation require- 
ments ...* both instrument combinations, and 

• All the thermal problems related to Integrated ATM, IPS/ATM 
and AGS/ATM are workable. 


4-74 


ORIGINAL PAGE IS 
OF POOR QUALITY 



Figure 4.3-5 ATIi/lPS Pallet Installation 
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4.4 El«ctrlc«l PowT Sytea 

The ATM, IPS, or AGS have no active power eystesbe and must re> 
calve all of their electrical power free the Oihlter/SpaceL^ power 
aystee. Therefore, the power analyala ■ conaleted of an evaluation to 
determine If the Orblter/Spacelab could aupply the power required by 
each of the concepts disquased earlier In this section. The avail- 
ability of power for the analysis was obtained from the Spacelab Ac- 
coomodatlmis Handbook. 

4.4.1 Power/Energy Constraints - The electrical energy for ATM is 
supplied by fuel cells located in the Orblter ai^ Is, therefore, depen- 
dent on availability of fuel cells dedicated to payload use. The 
normal configuration of the Orblter power system provides 50 kw hours 
to the payload and a dedicated fuel cell provides 840 additional kw 
hours. The power available from the fuid cells Is limited by the heat 
rejection capability of the Orblter and is 7 kw for normal maximum 
continuous operation and 12 kw for pulse load operation. 

4.4-2 Power /Energy Usage - The power levels required for each in- 
strument considered for the ATM program are given In Table 4.4-1. 

"SLAG" and "WLC" are cond>lned Into a single instrument designated 
as "ARC". The only feasible combination of Instruments due to physical 
constraints are "ARC" + "SEUTS" and "SEOTS" + "SARDS". Peak power re- 
fers to th<£ worst case peak having a duration of less than approximately 
1 minute In duration. Average power Is power averaged over the mission 
and maximum continuous power is continuous power exclusive of peaks. 

Figure 4.4-1 demonstrates the load requirements for each power 
user that makes up the total load requirement. The total load that 
comes out of the 7 kw allotsMnt consists of the ATM instruments, 
mission dependent C&DH components, AIM support (subsystems) and basic 
Spacelab power. The basic Spacelab power requirement depends on equip- 
ment configuration. If the pressurized Spacelab module is used, 655 
watts arc required. If the pallet/Igloo or Integrated ATM Igloo confi- 
guration Is used, only 235 watts are required. Both the power limit of 
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Table 4,4-1 Experiment Power Requirement 
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Figure 4.4-1 ATM Payload Power/Energy Requirements 










seven (7) kw and the energy limit of 890 kwh are exceeded for the 
module configuration, whereas considerable margin exists for the other 
conf j Rurations . 

4.4.3 Electrical Power Distribution - The simplified bluf c dia- 
gram of the electrical power distribution system is shown ir. Figure 
4.4-2. Electrical power is routed from the Orblter fuel cells to 
either the Spacclab module or to the pressurized Igloo where C&DH 
components requiring pressurization are located. Power Is then routed 
to either the pallets or to the canister support structure (C3S) where 
C&DK components are mounted and then to the subsystems and experiments 
In the ATM canister. The emergency box power has limited usage for 
equipment designated as warning and caution. The primary DC bus from 
the Arbiter provides subsystem and experiment power in the module by 
way of distribution boxes and distribution panels for the nodule con- 
figuration. In the pallet/ Igloo configuration subsystem C&DH power 

is supplied in the Igloo and experiment power is supplied by wav of the 
Igloo to the p&llet for experiments end subsystems (IPS and AGS confi- 
guration) . 

In the integrated ATM configuration, the Igloo is physically mounted 
to the CSS. Power is supplied to the subsystems and experiments through 
the Igloo to a power distribution box also mounted on the CSS. 

4.4.4 Conclusions - The Orbiter/Spacelab systems provide and dis- 
tributes the power required by the ATM subsystems and experiments. There 
is, however, an operational constraint associated with the use of the 
Spacelab module configuration. Power management would be required in 
this configuration to limit both power and energy to the constraints 

of the Arbiter. No new hardware is required by the Power system except 
interconnecting power distribution harnesses. 


( 
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4.5 Attitude and PolntlnR Control 


Three systems for attitude and pointing control ot the Solar 
Scientific Instruments in the Shuttle Orbiter/Spacelab were reviewed. 

The first system Identified as the "ATM Integrated" maximizes the re- 
use of the ATM control system hardware and software from tiie past Skv- 
lab Program. The second and third systems reviewed utilized the Space- 
lab Instrument Pointing System (IPS) and the Annular Suspension and 
Pointing System Clmbal System (AGS). In both the IPS and AGS concepts, 
the ATM canister, with instrument payload was attached directly to the 
pointing platform's payload mounting rings. See Figures 4. 1.4-1 and 
4. 1.5-1. 

The payload instruments used for each review consisted of the 
SAROS, SEUTS and ARC as defined in Section 2.0. Pointing requirements 
with respect to pointing accuracy, knowledge of accuracy, stability, 
jitter and roll range were extracted from the GSFC furnished Experiment 
Requirements Documents (ERDs). These extracted requirements are listed 
in Table 4.5-1. Also listed in the last column of this table are the 
performance characteristics of the ATM/CMG system as demonstrated 
during Skylab. Discussion on this subject is covered in Section 4.5.8. 

There are some areas of ambiguity with respect to these requirements 
For example; the stability requirement is usually related to an exposure 
or integration period of the experiment during which the movement is not 
to exceed some specified value. For the SAROS, the line-of-sight sta- 
bility requirement fits this definition, but the roll stability does not 
and requires some further interpretation from the experimenter. 

The notes pertaining to roll range requirements (Table 4.5-1) bring 
out the conflicting requirements among the three experiments with re- 
spect to control of the roll axis of the pointing system. 

More specifically: 

a) The SAROS experiment requires the roll setting to 
remain fixed through a sun-side pass in order that 
a programmed sequence of observation points can be 
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Table 4.5-1 Cxperlnent Pointing Requirements Comparison to ATH Capabilities 
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observed during the pass. There are no stated re- 
quirements on roll range. 

b) The SEUTS experiment requires alignment of the 
instrument slit parallel to the long dimension of 
the solar feature under study. Once a feature has 
been selected and the roll setting made, the setting 
is to be held during the remainder of the pass. A 
requirement for +180 roll range is stated in the ERD, 
however, it should be noted that a +90° range would 
allow the slit to be aligned parallel to at.v given 
angle on the sun disc. 

c) ARC desires to carry out a survey of the solar 
corona at 14 increments of roll (l.e., 26 degrees) 
to provide 360° coverage. The assumption has been 
made that this 360° mapping should be completed dur- 
ing one sun side pass. 

These requirements are derived from the primary operating mode of 
each of the experiments. 

The conclusion to be drawn is that only one of these three experi- 
ments can operate in its primary objective mode at any given time. 
Concurrent operation by a second experiment wjuld of necessity be In 
some secondary objective mode. 

4.5.1 Integrated ATM in Shuttle Orbiter - Similar to the Skylab 
application, the ATM Control Moment Gyro (CMG) System is used in the 
Integrated system to point and stabilize the Shuttle Orbiter to a coarse 
alignment in three axes. The Experiment Pointing and Control System 
then provides the fine pointing accuracy and stability to the ATM cani- 
ster mounted Instruments. This concept yields several performance 
features : 

a) The system has operated successfully in the 
similar Skylab application during spaceflight 
for an extended period of time. 


4-83 


b) The system provides control which has potential 
for future payload precise pointing applications. 

c) The system minimizes exposure to payload contami- 
nation frc.n the Orbiter VCS thrusters. 

4.5.2 Control Moment Gyro Subsystem - Orbiter pointing attitude 
information is derived In a strapdown reference computation in the ATM 
Digital Computer (ATMDC) . Sensors for the computation are mounted on 
the Canister Support System (CSS). Rate gyros, as shown in Figure 4.5-1, 
provide three axis rate Information for stabilization and inner loop 
position. The Acquisition Sun Sensor Is used for updating of vehicle 
attitude information for the pitch and yaw pointing system control. 

The Star Tracker is used to update the pointing system roll attitude 
computation. The ATMDC processes the sensors signals with a CMC control 
law to generate CMC gimbal rate commands. Momentum management compu- 
tations are also performed by the ATMDC. 

Three double-gimballed CMGs orthogonally hardmounted to the vehicle 
through the ATM Integrated Support Structure are shown in Figure 4.5-2. 
They are oriented with their gimbal axes as shown in Figure 4.5-3 such 
that any two can control all three axes In the event one fails. They 
provide the torques required for vehicle control. Each CMC has an 
angular momentum storage capability of 2300 ft-lb-sec at torques up 
to 160 ft-lb. Inner gimbal freedom is +75 oegrees and outer gimbal 
freedom is +215 degrees to -125 degrees. The rotor runs at approxi- 
mately 9000 rpm. 

The three-CMG cluster requires periodic desaturation of its momentum 
buildup due to noncycllc components of gravity gradient (GG) , aerodynamic, 
venting, and other disturbance torques. To minimize the bias compo- 
nents of the GG torques, the vehicle's principal axis of minimum inertia 
(X-axis) must be maintained In or near the Orbital plane attitude. 

Periodic firing of the Orbiter' s VCS thrvsters will be required to coun- 
teract he residual momentum buildup. This technique will eliminate 
the need to perform vehicle GG maneuvers on a per orbit basis to de- 
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Figure 4.5-1 Control Moment Gyro Subsystem 
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siaturate the CMC subsystem, and thus allow for long term experiment 
viewing time. 

rhe Acquisition Sun Sensor has a +20 degree field of view In 
each axis. Unit accuracy is approximately +2 arc minutes. Two of 
these acquisition sun sensors are used for redundancy. 

The Star Tracker has a tracking accuracy (gimbal position readout) 
of +J0 arc seconds (1 sigma) with outer gimbal freedom of +87 degrees 
and inner gimbal freedom of +40 degrees. It can operate to within 
about 5 degrees of the earth albedo and to within about 45 degrees of 
Che sun. One star tracker is used. Backup roll attitude is obtained 
from Orbiter state vector data and CMC subsystem roll rate. The Rate 
Gyro Packages measure vehicle rates Ir one of two modes; coarse is up 
to +1 degree per second and fine is up to +0.1 degree per second. Gom- 
pensated drift rate is +0.1 degree per hour. Two Rate Gyro Pack.ages 
are orthogonally Tiounted in each of the three pointing axes, i.e., the 
gyro system is fully redundant. 

4.5.3 ATM Digital Computer/Workshop Computer Interface Unit - The 
ATM Digital Computer/Workshop Computer Interface Unit (ATMDC/WCIU) sub- 
system provides high speed general purpose computing capabilities along 
with a multi-purpose, flexible Input/output capability. It accepts 
analog and discrete signals from several sources which are used to per- 
form calculations under the direction of a stored program, and also pro- 
vides analog and discrete outputs to several devices. The subsystem 
consists of two identical ATMDC units and a single WCIU unit. The WCIU 
Is divided into two identical sections and a common section. One 
ATMDC unit and one corresponding section of the WCIU along with the 
WCIU common section are always used. The other ATMDC and corresponding 
WCIU section are powered down and kept in a standby node to provide re- 
dundant operation. 

The ATMDC/WCIU subsystem is recommended for use because most of the 
software modules are available and proven and the hardware interfaces 
are simpler than multiple interfaces to RAU's for Spacelab computation. 
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The subsystem will be connected to the Spacelab computers through re- 
dundant RAU's for uplink of commands and to obtain telemetry and house- 
keeping data. 

The software requirements of the Spacelab ATM payload are similar 
to, but less demanding than those of the Skylab program. Modification 
of the Skylab program consists of deleting those routines no longer re- 
quired, and simplification of those remaining routines, where appropri- 
ate. The Spacelab ATM APCS redundancy management philosophy is quite 
different from that of Skylab. For the Spacelab ATM mission, the APCS 
redundancy management will consist of failure detection of the CMC sub- 
system with maintenance of sufficient information to allow ground or 
crew detection and isolation of failures in the Acquisition Sun Sensor 
and RGP’s subsystems. 

4.5.4 Experiment Pointing and Control Subsystem - The Experiment. 
Pointing and Control Subsystem (EPCS) consists of the Experiment Point- 
ing System and the Roll Positioning Mechanism, implemented in an iden- 
tical fashion as on the Skylab. A block diagram of EPCS is shown in 
Figure 4.5-4. The experiment package and EPC sensors are mounted to a 
three-degree-of-freedom spar that is contained in the CSS. 

The spar-mounted Fine Sun Sensor (FSS) provides experiment package 
position information and the spar-mounted RGPs provide rate information. 
In the Experiment Pointing Electronics Assembly (EPEA) , the position 
and rate signals are summed after passing through bending mode filters 
and then amplified by a current amplifier to drive actuator (DC torquer) 
pairs. One pair is located on the pitch gimbal and the other on the 
yaw gimbal. The two actuators of a pair operate in parallel for re- 
dundancy and power reduction purposes, and provide a total torque cut- 
put of 14 Ib-ft. Should a single amplifier or torquer fall, the loop 
can operate with the remaining amplifiers and torquer. 

The experiment package can be offset pointed in the pitch and yaw 
axes over a range of +24 arc-minutes, wltn the center of the solar disk 
being the zero position. The solar disk measures approximately 32 arc- 
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minutes from limb to limb. Offset pointing is accomplished by position- 
ing an optical wedge located in each channel of the FSS. The wedge is 
mounted in the path of the sunlight passing through the FSS optics, and 
can be rotated to refract the sunlight a fixed angle in a controlled 
direction. The wedges are positioned by a drive mechanism controlled 
by an astronaut operator via the Manual Pointing Controller. A wedge 
offset produces a FSS output error voltage that causes the spar to ro- 
tate about the appropriate axis and point the FSS, and thereby the 
experiment package, in a direction that will drive the FSS output vol- 
tage to null. Stability is then automatically re-established at the 
offset position and maintained by the EPC subsystem. 

Two RGPs are mounted with their input axes aligned in the pitch 
axis; two additlo al RGPs are aligned in the yaw axis. One gyro per 
axis is redundant and may be activated by ground command or by the astro- 
naut. All spar-mounted gyros are identical to the CSS-mounted units. 

The Fine Sun Sensor has a field of view of about +5 degrees in 
each of two axes. Full scale electrical output is about +1 arc-minute. 
Pointing accuracy is +2.25 arc-secondc (2 sigma) and short term sta- 
bility is +0.1 arc-second. Offset pointing range capability is +24.21 
arc-minutes in both pitch and yaw. The FSS consists of a single opti- 
cal system with redundant position sensors. 

The EPEA is an analog electronics assembly whic.i performs the en- 
tire EPCS closed loop computation to control the actUc.tors utilizing 
the RGP and FSS sensors inputs. It is cross strapped redundant. Con- 
nection through a RAU to the Spacelab computer provides for uplink com- 
mands and transmission of telemetry data. A minor change to the EPEA 
is required to tune the bending mode filters to the EPCS mass distribu- 
tions. 

The electromechanical system consists essentially of three large 
concentric rings; a pitch glmbal ring, a yaw glmbal ring and a roll ring. 
This gimballlng system as shown in Figure 4.5-5 is free to pivot +2 de- 
grees in pitch and yaw and +120 degrees in roll. Compensated flexure 
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pivot actuators operating in parallel provide the required motion about 
the two pointing axes; motion about the roll axis is provided by a 
single roll actuator. The caging system, i.e., launch locks, will be 
redesigned to constrain the pitch and yaw rings under vehicle launch 
and re-entry conditions. The existing system is released on orbit and 
cannot be recaged. Orbital locks provide on-orbit caging of the pitch 
of yaw glmbal ring as required. 

4.5.5 Orbiter Reaction Control System - The Orbiter Reaction 
Control System (RCS) is the propulsion system used mainly for vehicle 
control during on-orbit maneuvering and initial re-entry control. It 
is also used, to a limited extent, during ascent. The Orbiter Vernier 
Control System (VCS) , which is a part of the RCS, is a candidate for 
base stabilization in lieu of the CMC system or as a backup. The VCS 
Is a mass expulsion system composed of six 25-pound thrusters which can 
be used for on-orbit Orbiter-payload pointing and stability purposes. 

The VCS will be used to perform the CMC momentum desaturation for the 
Spacelab ATM missions. 

4.5.6 Pointing and Stability Capabilities - The CMC Subsystem 
(Orbiter vehicle base pointing) and EPC Subsystem (Fine pointing) 
pointing and stability capabilities are tabulated in Table 4.5-2. These 
APCS stabilities, achieved during the Skylab mission, were established 
from analysis of flight data for selected mission time periods. The 
feasibility of the Spacelab ATM APCS to achieve these levels of stability 
is a critical function of the disturbance environment for the Spacelab 
ATM mission. Crew motion, Orbiter and payload venting, and the solar 
experiment package operations must be controlled if the Spacelab ATM APCS 
is to attain the quoted stability margins. Figure 4.5-6 is a pictorial 
description of Pointing Accuracy, Stability, and Jitter. 

4.5.7 Alternate Approaches - Three alternate subsystem applications 
of ATM versus Orbiter/Spacelab hardware and software were reviewed. 

These reviews were conducted to determine if portions of the ATM capa- 
bility could be used in conjunction with the Orbiter/Spacelab capability 
to enhance experiment operation and performance. The trades conducted 
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Table 4.5-2 ATM Capabilities Based on Skylab Data 
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Figure 4.5-6 APCS Pointing and Stability Nomenclature 





were: 


a) The ATM CMG Subsystem versus Orblter VCS control for 
base pointing. 

b) The ATM versus Orblter sensors for rate/attitude Inputs. 

c) The ATMDC versus Orbiter/Spacelab computers for CMG 
control . 

Table 4.5-3 lists the conclusions along with salient reasons 
for employing the complete complement of ATM control system hardware 
and software. 

4.5.8 Assessment of ATM/CMG Performance - The predicted Shuttle/ 

ATM performance characteristics of the ATM/CMG system, based on Skylab 
data have been listed In the last column of Table 4.5-1. 

Those areas where the predicted ATM performance does not meet the 
experiment ERD requirement have been highlighted with asterisk marks in 
the upper left hand comer of the block. 

Tlie first area of deficiency is "knowledge of accuracy" where the 
SARDS and SEUTS requirement of +1 arc second relates to the +2.5 arc 
second capability of the ATM, and the corresponding roll axis require- 
ments of +370 and +180 arc seconds relates to the +540 arc seconds 
capability. The roll performance of the ATM is not integrated into the 
fine control guidance loop and is basically set by the roll control 
capability of the CMG system. Better "knowledge of accuracy" perfor- 
mance could be attained by use of the ATM star tracker to indicate tha 
roll angle at any given time. The performance in LOS knowledge is 
basically set by the fine sun sensor of the ATM. Significant improvement 
in this area would require a more sophisticated angle reference system 
be incorporated to supplement the pointing knowledge derived from the 
ATM fine sun sensor. 

The second area of deficiency is the roll stability requirement of 
SARDS. As was noted earlier, this requirement is suspect of being mis- 
interpreted because of the apparent inconsistency with the associated 
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Table 4.5-3 Conclusions 
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LOS stability requirement for the same experiment. 

The third area of deficiency is the +0.25 arc second limit require- 
ment on jitter for SARDS which compares to the +1 arc second performance 
of ATM. 

The final area of deficiency is the 360° roll range requirement 
of ARC as compared to the +120° roll range capability of ATM. 

4.5.9 Dornier IPS and Sperry AGS Pointing and Stability - Speci- 
fication values for pointing and stability performance of the Dornier 
IPS and Sperry AGS were extracted from the latest published documenta- 
tion and are shown in Table 4.S-4. The figures are indicative of the 
capability of these systems %rlth the instruments mounted in the ATM 
canister^ which in turn is end mounted to the payload attachment ring 
(IPS) or payload adapter plate (AGS). However, the published data was 
insufficient to draw r.ny conclusions as to the capability of these sys- 
tems to provide the pointing knowledge, stability, and jitter required 
by the solar instruments used in this study. 
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Table 4.5-4 IPS and AGS SnecI f icatlon Pointing and Stability 


ORiG’r^AL n 

OF POOR QUAUW 





99 




5.0 COST ANALYSIS 


This section presents the costing groundrules, methodology 
and cost estimates derived for each of the three configurations 
baselined during the study. As will br noted; cost estimates were 
provided only for the new and modified equipment required for each 
configuration. Total cost for implemontlng each of the configurations, 
will in addition to the tabulated costs in this section, l.iclude the 
costs for: 

•Removal and transportation of the ATM equipment 

from bonded storage to the place of rework: 

•Disassemb lying, inspecting and testing the 

hardware; 

•Replacement of time critical hardware items; 

•Software check-out and modification; and 

•Re-assembly and systems check-out of the hardware. 

Further technical studies must be conducted to determine the costs 
associated with these tasks. 

j.l Costing Groundrules - The groundrules listed below were used 
in this costing exercise: 

A) Constant 1981 dollars. 

B) Estimates are contractor costs including 
G & A and excluding fee. 

C) All individual estimates are for an end 
item quantity of one protoflight unit. 

D) Estimates exclude all system level assembly 
and test costs. 

E) All existing ATM drawings and hardware are 
GFE to contractor. 

5.2 Methodology - Cost data and estimates were derived from the 
following sources; 
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A) Parametric Cost Analysis 

1) RCA Price Model 

2) NASA-JPL Cost Prediction Model for Uronanne.* Space- 
craft Exploration Missions. 

3) Martin Marietta Aerospace Division data base and 
cost estimating relationships. 

The RCA Price Model Is an appropriate estimating tool for concept Iden- 
tification cost studies and has been extensively in use at Martin 
Marietta since 1977. Recently developed algorithms enabled us 
to examine cost sensitivities to variations in such structural cost 
drivers as material type, part tolerance, number of parts per assemblv. 
and reliability (man rating versus lesser requirements). Further, 
technology Improvement features of the model provide declining cost 
curves through time allowing for improved processes to reduce cost from 
that otherwise extrapolated from existing hardware. Other variables 
deal with weight, degrees of new design, engineering experience, cal- 
culation of schedules and prototype quantity and cost relationships. 

The use of this model will also enable the data from the study to 
be more readily employed by Goddard's own analysts as well as provide 
a common baseline and vocabulary for Inter-organlzatlonal discussion. 

The Cost Prediction Model for Unmanned Spacecraft Exploration Missions 
developed by NASA/JPL was used In this study to substantiate the RCA 
Price Model cost estimates. This dollar per pound analysis was based 
on an aluminum structure of an advanced spacecraft. This analysis sub- 
stantiated the RCA Price Model cost estimates. In addition, reasonable- 
ness checks were made by utilizing the Martin Marietta Aerospace Division 
data base and cost estimating relationships. 

5.3 Cost Estimates - The cost estimates for the three configura- 
tions defined in this study are summarized in Tables 5-1 and 5-2. 

Table 5-1 (Cost Comparison Summary by Configuration), Identifies cost 
by line item for each of the three configurations. Table S-2 (Cost 
Breakdown Sununary by Configuration) gives a breakdown of costs for all 
three configurations. 
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Table 5-1 Cost Comparison Summary by Configuration (1981 
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Table 5-2 Breakdown Suiitir,ary by C.nfii i. * i .n j ' ia J 000 








Th« same methodologies were used to estimate each configuration. 
Therefore, a comparison of the costs of these three configurations 
allows analysis the effect of decisions envolving the same design 
parameters on cost. For further detail into the estimated costs or 
input variables used in modeling, see Appendices B, C and D which con 
tain the RCA trice Model Reports. 


5-5 


6.0 CONCLUSIONS 


The concept of utilizing the back up ATM hardware for Shuttle/ 
Spacelab flights appears to be both feasible and economical. The 
specific study results, although preliminary indicate: 


•The ATM hardware should be used unchanged or with only 
slight modifications for maximum cost effectiveness to 
Spacelab. That is, scientific payloads should be selected 
that fit within the physical and performance capabilities 
of the hardware thereby eliminating much of new and modi- 

fied equipment dictated by the straw man payload used in 
this study; 

•The ATM hardware exists, therefore, no new hardware design, 
development, testing or fabrication is required; 

•The hardware reliability and safety has been established 
since a like set of the existing ATM hardware and soft- 
ware was flight tested during Sky lab; 

•The ATM canister assembly has a complete self-contained 
thermal control system capable of maintaining close 
thermal tolerance on the payload. The assembly can be 
easily mounted to the IPS and AGS eliminating the need 
to cross the gimbals with fluid lines; 

•The ATM attitude and pointing control capability has 
been flight tested; eliminates much of the contamination 
associated with VCS base stabilization; and although 
additional analysis is required, it appears to be capable 
of satisfying instruments requiring very accurate point- 
ing and stability; 

•Either concept; the "ATM Integrated" or "IPS" or "AGS" can 
be integrated into the Shuttle/Spacelab as a payload of 
opportunity with other payload elements; 
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• Very little new of znodlfled C & DH equipment is 
necessary to establish compatibility of the three 
baselined concepts with existing capabilities; and 

•The "ATM Integrated" concept eliminates ever having 
to eject a costly attitude pointing and control 
system, and scientific payload, since It always 
remains within the Shuttle payload envelope. 
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7.0 RECOMMENDATIONS 


Preliminary results of this study indicated that there may be 
many advantages for utilizing the leftover ATM Skylab hardware and 
software for Shuttle/Spacelab missions, both from the standpoint 
of performance capability and cost. To substantiate these findings, 
several additional tasks should be performed. These tasks are: 

•ATM Hardware /Software Status/Condition Definition 
This task would determine the status of each 
of the hardware and software items; where they 
are located; what life critical hardware re- 
quires change out; the additional testing re- 
quired; problems identified during Skylab 
that must be fixed; and so on. 

•Structural/Mechanical Analysis 

This task would accomplish the detailed designs 
and analysis to determine the design require- 
ments for modifying the ATM hardware for the 
"ATM Integrated" concept and also for mounting 
the ATM canister onto the IPS and AGS mounting 
rings . 

•Attitude and Pointing Control Analysis 

Detail analysis and modeling would be accom- 
plished under this task to verify the capability 
of the ATM to control the Shuttle/Spacelab as well 
as providing the fine pointing required by the 
experiments. The tasks would further evaluate 
the effects that the ATM canister (with active 
thermal control system) has on the IPS and AGS 
pointing and stability capabilities. 
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•Program Definition/Cost Analysis 

This task would prepare a detailed program plan 
and schedule and perform a detailed bottoms-up 
cost analysis. The cost analysis would consider 
all costs associated with the program, so that 
cost comparisons with other approaches could be 
made. 
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8.0 ACRONYMS AND ABBREVIATIONS 


AFD 

AGS 

ARC 

ASPS 

ATM 

ATMDC 

ATMDC/ 

WCIU 

C&DH 

CG 

CMG 

CSS 

DEP 

ECU 

EPCS 

EPEA 

ERDs 

EUV 

FSS 

G&A 

GFE 

GSE 

HAO 

HDR 

IPS 

MDA 

MTM 

PAP 

PAR 

PCA 

PMS 

POCC 


Aft Flight Deck 

Annular Suspension and Pointing System Glmbal System 
Acceleration Region Coronographs 
Annular Suspension and Pointing System 
Apollo Telescope Mount 
ATM Digital Computer 

ATMDC/Workshop Computer Interface Unit 

Command and Data Handling 

Center of Gravity 

Control Moment Gyro 

Canister Support Structure 

Dedicated Equipment Processor 

Electronic Components Unit 

Experiment Pointing and Control Subsystem 

Experiment Pointing Electronics Assembly 

Experiment Requirements Documents 

Extreme Ultraviolet 

Fine Sun Sensor 

General and Administrative 

Government Furnished Equipment 

Ground Support Equipment 

High Altitude Observatory 

High Data Rate 

Instrument Pointing System 

Multiple Docking Adapter 

Multiple Telescope Mount 

Payload Adapter Plate 

Payload Attachn^nt Ring 

Payload Clamp Assembly 

Payload Mounting System 

Payload Operations Control Center 
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RAU 

- 

Remote Acquisition Unit 

RCS 

- 

Reaction Control System 

SAA 

- 

South Atlantic Anomaly 

SAO 

- 

Smithsonian Physical Observatory 

SARDS 

- 

Solar Active Region Observations from Spacelab 

SCR 

- 

Signal Condltiolng Racks 

SEUTS 

- 

Solar Extreme Ultraviolet Telescope & Spectrograph 

SLA 

- 

Spacelab Lyman Alpho 

SLAG 

- 

Spacelab Lyman Alpha White Light Coronograph 

SMCH 

- 

Standard Mixed Cable Harness 

STS 

- 

Space Transportation System 

VCS 

- 

Vernier Control System 

WLC 

- 

White Light Coronograph 
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REI.IA3ILITY FACTOR L.C 

INTF.GhATION I EVTI 


«TBF (FIELD) i 53590* 

SCHEDULE START 


FIRST ITEfl rlNISli 

OEVr.l OPflENT JUN 04 

V H) 

JAN G5j( ( 0) JAN (if. A ( 3) 

3UPPI.E.1ENTAL INFORflATION 



YFAR OF FCONOniCS 

jvni 

T OOl IKG 1 PROCESr. rACTOfift 

escalation 

o.no 

OPVELOPnENT TOOLINO .750 

DF.V COST mJlTIF'LIER 

1.10 


COST RANGES 

DFVElOPnENT 

PRODUCTION TOTAL COST 

FROfl 

27. 

27. 

CENTER- 

31. 

31. 

TO 

17. 

1 ;. 


B3 



f J r . 

U,. 

OF POOR QUALITY 


- fRICF fl4 

necnAMCAL irr.'i 


DATF :-r.AR-Al 


Tint :n- ■:: iNAnr ■ . rn ..■: 

;231058) 


MKRCv.', tIOij Tu APT-RTI'M 000:< 


.’■•’YR;' UUAMriT-r 


lIMIT riOjff 

■)NTT VOI liilf I!, VO uiiAJT'. r ,,ii:i 


'NOTN^J'k lNi> 

M . ; ful 

' iON 
..ir.Tf.ns 


'i ii. i .) T hu ( f ii i • 


..I 


‘ ir- 



( flAMi’’ Af ThHlNfi 

I Vi'.JiUti.TTCf; 
?R.;rOrYAT 
VOul -U.ST FQ 
h' roTrii. inFO) 


!1A1 f.OST 


7A. 


. . 


DF 3 I 0 N ."AOTORS 


1 * 1 1 oh AN' I oAw 

r-RToo'- r:::R: 

1 .A * 

-EIGtt] 


ts.con 

f iN'i' Ihfc FR ING 

ronFs,-.:'! ...on 

OFN'T’TY 


sr.-’ioo* 

FROrOTY.^I SI) 

t 1 ‘ • lA • s 9 - 4 

nrs. r.OflPi.FXiTY 


'.Grn 

i-:; 0;0 SriiEDu 

4 . . ■* ' t t'. • h w V ' ^ 

NEW OFOIGN 



FlATFORfl 


DESIGN RFPFAT 



tear Of TFCHNOI OGY » 983 * 

EQUtPflFNT CLASS 


***** 

RtLIAStLITY 

FACTOR i.:', 

INTEGRATION LFVFl 


1.0 

«Ti-.F(f .TLl 0 ) 

; VlSfiO* 

SCHFDUI.E 

START 


FIRST UFA 

FINISii 

DEV'El OPflFNT 

JAN 83 

( ft) 

AUG r. 3 * i 3 ) 

NOV i' G.i '. 11 ) 


3IJPPl.FflF.NrAL INFORflATION 

YEAR OF LCONOfllCS 1981 

ESCAI.ATION O.OiJ 

DFV COST flUl TIPLIER 1.10 


TOOl IN6 * PROCfcSf. f ACTORS 
OFVFLOPnENT TCOLINiT l.OQ 


COST RANG! S 
FROfl 
CENTER 
TO 



OfVFl OPflFNT 
67. 
76. 
89. 


PRODUCTION 


TOTAl COST 
67. 

76 . 
09. 


B6 


OF POOR QUALITY 


PRICr {<4 

MECHANICAL ITr.1 


DATF i2-nAR-Sl 


TlfJE 20:35 FIlENAnF; iNT.i-I 

(281050) 


REDES iON CAi)l.t ORUn OF r.i\ FNO r,Ari. 


FROTOTYP^ QUANTITY 



UNIT UFICU7 
UNIT VOi.ilME 


ftODF 

O.sn QUANTITY/NHA 


FR06RAR i.Or,T(i 1000) 
FNiilNEERING 
■fRoriiNr. 

OESIfiN 
r.Yf.TFOS 
f SO.itCT .IGOT 


OFvF.1 OPRF.NT 


98. 


l.S. 


. r.uiJiii, 4 1 


C.' i.'.i. .'C’ST 


•>> » 
98. 
?5. 

U. 


DATA 

SUBTOTAl.(FNG) 


a. 

182. 


I -i .. . 


HANUFACTURING 


PRODUCTION 

- 

PROTOTYPE 

10 

TOOL -TEST FQ 

3 

SUB TOTAL (MEG) 

13 


10 . 

1. -V, 


TOTAL COST 


194. 


194. 


DESIGN FACTORS 
NFIGHT 
DENSITY 

NFG. r-OAPLEXITY 
NEW DESIGN 
0ES16N REPEAT 
EQUIPMENT CLASS 
INTEGRATION LEVEL 


OECHANICAL 

20.000 

46.647* 

5.420 

0.800 

0.000 

**»«« 

1.0 


PRODUCT DESCRIPTORS 
FNGINEERING COAPLFXITY 1.200 


PROTOTYPE SUPPORT 1.2 

PROTO SCHEDiii F F ACTOR .250* 
PLATFORM J.O 

YEAR OF lECHNOlOCY 1983* 

RELIABILITY FACTOr. l.U 

MTBF(FIELD) 145015* 


schedule 

''EVELOPMENT 


START 

JUN 83 < 10) 


FIRST ITEM 
MAR 84* ( 0) 


FINISH 

MAR 04* ( 10) 


SIIPPLEMFNTAL INFORMATION 

YEAR OF ECONOMICS 1981 
ESCALATION 0.00 
DEV COST MULTIPLIER 1.10 


TOOLING 3 PROCESS FACTORS 
DEVELOPMENT TOOLING 1.00 


COST RANGES 
FROM 
CENTER 
TO 


DEVELOPMENT PRODUCTION TOTAL COST 

148. - 148. 

194. - 194. 

2.14. - 234, 


B7 


OF POOR Qli^LlT^ 


PRir.E 8< - - - 

nECHANICAL ITEH 


OATE 12-nAR-Bl 


TIRE 20:7S FIlENAnF: iNT.PJ 

(281058) 


CANISTER SUPPORT STR 


PROTOTYPE QUANTITY * ’ UO 


UNIT WEIGHT '300.00 ftOOE 

UNIT VOLUAE 2384.00 QUANnrY/NHA 


PROGRAfl COST(« 1800) 
ENGINEERING 

nrVEl OPNFNT 

riRAFTTNG 

458, 

CESIGN 

1734. 

SYSTENS 

544, 

PRO.iCCT nCilT 

242. 

DATA 

122. 

SUBrorAL(ENG) 

.5172. 


PRODUCTION ..».rU- (OS 7 

^xSB. 

1784. 

346. 

122 . 

•u;2. 


nANurACTurjKfi 

f-ROOUCTION 

Phototype 5';n. - 5^^ 


TOOL -TEST fii 
3U8T0TAI.(0FG) 

TOTAl COST 


6B. 

57.3. 

3745. 


57.1, 

3745. 


OeSIGN EACTOR.S 
UFJGHT 


NECHANICAL 

23D0.000 


DENSITY 0,945* 

NF6. CONPLFXITY 5.084 

NEW DESIGN 0.750 

OESIGN REPEAT 0.750 

EQUIPNENT CLASS >**** 

INTEGRATION i.EVFL 0.7 


PRODUCT DESCRIPTORS 
{NGINFERINfi (,0 API>a11Y 1.000 

PROTOTYPE SUPPORT UO 

PROTO SCHEDUI E TACT OR .750* 

PLATFORn 1.0 

YEAR OF TECHNOLOGY 1983^1 

RELIABILITY FACTOR 1.0 

NTbr(FIElD) 30158* 


SCHEDULE 

DEVELOPS 'T 


START 

JAN 83 (8) 


FIRST ITEN 
AUG 83* ( 0) 


FINISH 

AUG 03* ( 8) 


SUPPLENENTAL INFORNATION 

YEAR OF FCONONICS 1981 
ESCALATION 0.00 
DEO COST NULTIPLIER 1.10 


TOOLING « PROCESS FACTORS 
OEVFLOPNENT TOOLING 1.00* 


COST R*N6FS 
FRON 
CENTER 
TO 


DEVELOPNFNT 

3321. 

3745. 

4.33.3. 


PRODUCTION 


TOTAl. COST 
3321. 
3745. 
4.313. 


B8 


ORJGIi^n r--- 13 

OF POOR QUALITY 


RATE t2<nAR>Sl 


i.AIINr.H/UNO(NA LOCKS 


?R0T0T1rPE aUANTITY 


- - PRICE 84 - - - 
.1ECHAN1CM. ITEn 

TIRE 20<34 
(281038) 


T. UNIT HEIGHT 

4.0 UNIT V0I.U8F 


FIIFHANF: TNT. pi 


^.00 

■i.OO OUAnrn'Y/NHA 4 


PKOGRAR COST(« 1000) 
ENG INFER (NO 
iiRAFl JN(> 

0E8IGN 
srr.Trns 
FRo.iEcr non: 

DATA 

SiiOrOTAUENG) 


iiFUElOPNFNT 

11 . 

3o . 

8 . 

8. 

3 . 

44. 


rKuDUr.nON 


TOTAL LOST 


U. 

33. 

8 . 


•S'! . 


nANUFACTURING 


iROOUCTION 

- 

PROTOTYPE 

i: 

T 001 -TEST iCi 

1 

SUB TOTAL unPG) 

13 


i. 

13 , 


TOTAL COST 


77. 


77 . 


OESCTN FACTORS 


NECHANICAL 


PROOUCr DESCRIPTORS 


UFIGHT 4.000 

DENSITY t.333x 

HFG. COftPIFXITY S.6?0 

NEW OtiSIGN 0.300 

DESIGN REPEAT 0.000 

EQIilPAENT CLASS »«««» 

INTEGRATION LEVEL 1.0 

SCHEDULE START 

DEVELOPRFNT JAN 83 ( 10) 


i NGINEFRING CONPi EXITY 1.300 


PROTOTYPE SUPPORT 1.3 

tROTO SCHEDULE T ACTOR ..'50« 
PLATFORN 

YEAR OF TECHNOI OCY lv‘B3< 

RELIABILITY FACTOR 1.0 

RTBF(HELD) 235019* 


FIRST UF3 FINISH 

OCT 83 * < 4 ) APR 04 a ( U) 


SIIPPLENENTAL INFORflATION 
YEAR OF ECONOniCS 1981 

ESCALATION 0.00 

DEV COST nULTIPLIER l.JO 


TOOLING A PROCESS FACTORS 
OEVELOPNENT TOOLING 1.00 


COST RANGES 
FROM 
CENTER 
TO 


DEVELOPflENT 

68. 

77. 

90. 


PRODUCTION 


TOTAL COST 
60. 
77. 
90, 


B9 


ORlGlf>IAL :J 

OF POOR QUALITY 


- - - PlilCF 84 - - - 
neCHAMICAL ITFn 


DATE 12-AAR-81 


TIAE ?0:3A rlLENAAF: INl.rl 

(281058) 


INVERT ROLL RING 


PROTOTYPE OUANTITY ^ 0,0 


UNIT UriCHT ID. DO NODE 

UNIT VOLUAC n. 1.1 uiiANr f l Y/NHA 


iROGhAA tCSTIS ICOO) 
ENGINEER (NO 
DRAFTING 
DESIGN 
SYSTFAR 


DEVELOPAFNT 


fkODliCTI.\N lOlAl lOST 



5 . 

14 , 


PROJECT AOnr 2 

DATA 1 

SUBTOTAL (ENG) 25 


\. 

25 . 


AANUFACTURING 
PRODUCTION 
PROTOTYPE 
TOOL -TEST FO 
SOB TOTAL (AFG) 


0. 

1. 

1. 


0 . 

i 

» • 

1 . 


TOTAL COST 


26. 


:- 6 , 


DESIGN FACTORS 
WEIGHT 
DENSITY 

AFG. COAPLEXITY 
NEW DESIGN 
DESIGN REPEAT 


AECHANTCAL 
10. GOO 
76.923« 
5.620 
0,500 
0.500 


EQUIPAENT CI.ASS ■«***» 


PRODUCT DESCRIPTORS 
FNbINFFRING COAPItXiTT i.DOO 
PROTOTYPE SUPPORT 1.0 

PROTO SCHEDULE FACTOR .250« 
PLATFORA 2.0 

YEAR OF TECHNOLOGY 19B4* 

RELlABIi.ITY rOOTOK l.O 


INTEGRATION LEVEL 0.5 


ATBF(FIELD) i7G534* 


SCHEDULE 

DEVELOPAENT 


START 

JAN 84 ( 8) 


FIRST ITEA 
AUG 84« ( 0) 


FINISH 

AUG B4< (8) 


SUPPLEAENTAL INFORAATION 

YEAR OF ECONOAICS 1981 
ESCALATION 0.00 
DEV COST AULTIPLIER 1.10 


TOOLING B PROCESS FACTORS 
DEVELOPAENT TOOLING 1.00« 


COST RANGES 
FROA 
CENTER 
TO 


DEVELOPAENT PRODUCTION TOTAL COST 

23. - 23, 

26. - 26. 

32. - 32, 


BIO 


ORIGINAL PACu IS 
OF POOR QUALITY 


- - PRICE 8-i - - 
neCHANICAL tTEfl 


DATE 12-nAR-fil 


TINE 20*37 
(281058) 


FliENAflE: lNT.il 


INSTRUfl^NT rtOUNTINO ADAPTER: 


PROTOTYPE QUANTITY 


UNIT UFICHT 
UNIT VOEUNE 


!i!.:in ooiiF 

0.07 QUANTtrY/NHA 


PROGRAfi r.OfJU .!C00) 
ENiilKEtRINri 
DRAFTING 
DESIGN 
SYSTEAS 
pR«).iECT or, nr 
DATA 

SUBrOTAL(tNo) 


DEVElOPflENT 


F RODUr.T j ON 


nANlirACTlIRINR 
i-RoruicnoN 
PROTOTYPE 
TOOI-TEST cQ 
SUBTOTAL (TiFG) 

TOTAL COST 


OESinN FACTORS 
WEIGHT 
DENSITY 

OFG. COBPLEXITY 
NEW DESIGN 
DESIGN REPEAT 
EQUIPNENr CLASS 
INTEGRATION LEVEL 


OECHANICAL 

10.000 

142.857* 

5.520 

0,500 

0.300 

***** 

0.3 


PRODUCT DESCRIPTORS 
FNblNEERING COftPlEXITY J.OOO 

PROTOTYPE SUPPORT 
PROTO SCHEDULE FACTOR .250* 
Pl.AFFORn 2.0 

YLAR OF TECHNOLOGY 1964* 

kELIABILITY FACTOR 1.0 

ATBF(FJELD) J69092* 


SCHEDULE START 

DEVELOPAENT JAN 84 


( 8 ) 


FIRST ITEA 
AUG 84* (9) 


FINISH 

AAY 05* ( 17) 


SUPPLEAENTAL INFORAATION 


YEAR OF ECONOAICS 

ESCALATION 

DEV COST AULTIPLIER 


TOOLING t PROCESS FACTOrS 
OEVELOPflENT TOOLING *.00* 


COST RANGES 
FROA 
CENTER 
TO 


DEVELOPAENT 

70. 

63. 

104. 


PRODUCTION 


TOTAL COST 
70, 
03. 
104, 


Bll 


ORMaNftL WGE B 
OF POOR QUAU\t 


PRICF 84 - - - 

ELFCTRONIC TTErt 


DATE 12-MAR-81 


TIME 70.-37 
(281050) 

FIlENAMf; iNT.r-T 

RAU PRE AMP 




PROTOTYPE QUANTITY 

'*fc 

*’l.G 

UNIT UEIuiiT 
UNIT VOLUME 

‘.50 MOOF 

C.Q3 QIIANT(TY/NHA 


PROGRAM COSTCi TnC) 

DFVFi O.'^’MFNT 

PRODUCT TON 

TOTAL COST 

FNG INFER ING 

DRAFTING 


- 

» * • 

DESIGN 

La* 

- 

' i 

*. A « 

SYCTF-MS 


- 

/. » 

PROJECT (1GM7 


- 

.. 1 

DATA 

1 

- 

< 

SUOTOTAL(ENG) 

M. 

- 

i 

*,*sn 

nANUFACTURING 

PRODUCTION 

- 

- 


PROTOTYPE 

in. 

• 

in. 

TOOl -TRST EQ 

1. 

- 

1. 

SU8T0TAL(.1F3) 

11. 

- 

u. 

TOTAL COST 

30. 


"a. 


.1 

“1 


DESIGN FACTORS ELECTRONIC 

UEIRHT 0.f500« 

DENSITY 54. COO 

RFR. f.OrtPLFXITY 9.410 

NEW DESIGN 0.500 

DESIGN REPEAT 0.9B0 

EQIJIPrtENT CI.ASS ***** 
INTEGRATION LEVEL 0.5 


.MECHANICAL 

r.oon 

OO.S47* 

5.770 

0.500 

0.500 

***** 

0.5 


PRODUCT DESCRIPTORS 

FNGINEERING COrtPlEXITY I..?nn 


PROTOTYPE SUPPORT 1.0 

PROTO :,r.HEDUI.E FACTOR .250* 

ELECT VOL FRACTION ,.T09* 

PLATFORH ■’.0 

YEAR OF TECHNOLOGY 1903* 

RELIABILITY FACTOR 1.0 

OTBFIFIELD) 1361S37* 


SCHEDULE 

DEVELOPRENT 


START 

APR 03 ( 14) 


FIRST ITEfl 
JUL 84« V 0) 


FINISH 

Jin J4* ( 14) 


SIJPPLENENTAL INFOROATION 

YEAR OF ECONOniCS 1901 
ESCALATION 0.00 
DEV COST MULTIPLIER 1.10 


TOOLING « PROCESS FACTORS 
DEVELOPnENT TOOLING .500 


COST RANGES 


DEVELOPMENT 


PRODUCTION TOTAL COST 


FROM 

24. 

- 

26 

CENTER 

30. 

- 

7.0 

TO 

35. 

- 

35 


B12 


OWeiNAL PA®f ® 

OF POOR QUALITY 


- - PRir.F 6^ - - ' 
iv.tTJRONK Utrt 


r»ATE J2-nAR-Bl 


llftE 20; 37 FIlENAfir:.' JKl.i l 

(2BtO!;8) 


C«DH BUFFER 


- C' 

PROTuTYFE QUANTITY l.U 


UNIT UFIGHT 3.00 ftODF. t 

UNIT UOLUrtE 0.03 uiiANTITY/NHA 1 


PROGRAA CO;.T($ 1000) 

DEVELOPflENT 

PRODUCTION 

ENGINEERING 

DRAFTING 

33. 


DESIGN 

100. 

- 

f.rSTEHS 

17. 

- 

PROJECT ncni 

11. 

- 

DATA 

5. 

- 

SUBTOTAL(ENG) 

175. 

• 

OANUFACTIIRING 

PRODUCTION 

- 

- 

PROTOTYPE 

17. 

- 

TOOl-TEST FQ 

2 . 

- 

SUB TOTAL (flFS; 

19. 

• 


33. 

100 . 

17. 

U, 


175. 


17 


•?. 


TOTAL COST 


194. 


J94. 


OEStCiN FACTORS ELECTRONIC 

ilEIGHT ,1.000* 

DENSITY 4B.000 

nF8. COftPIFXITY 9.410 

NEU DESIGN 0.500 

DESIGN REPFAT 0.500 

EQUIPflENT CLASS *»»»» 
INTEGRATION i EVFL 0.5 


nCCHANICAL 

r’.ooo 

64,647* 

5.770 

0.500 

Q.iu 

***** 

0.5 


PRODUCT OESCRIPTOfiS 

i.Nf.INFtftINO r.OAPI f XITY i./OO 


!ROiOTYFE SUPPORT l.O 

PROTO f.rilEOULE f Ai.TOR .250* 
ELECT VOL FRACTION ,694* 

pl.ATFORn ::.n 

YEAR OF rECHNOLOOY 1903* 

REIIAPJLITY FACTOR 1.0 

IITBF(FIELD) 690271* 


SCHEDULE 

OEVELOPflFNT 


START 

APR 03 ( 14) 


FIRST ITEH 
JUL 64* ( 0) 


FINISil 

Jill 04* < 16) 


SUPPLEHENTAL INFORHATION 

YEAR OF rCONOflICS 1901 
ESCALATION 0.00 
DEV COST nULTIPl IER 1.10 


TOOLING < PROJESr. FACTORS 
OEVELOPHENT TOOLING .500 


COST RANGES DEVELOPflENT 


FROn 

172 

CENTER 

194 

TO 

223 


FOLLOWING DATA CHANGES HADE: 
DmiLT»1.34,PnULT*1.36 


PRODUCTION 


TOTAL COST 
172. 
194. 
223. 


B13 


ORIGINAL PAGi IS 
OF POOR QUALITY 

( i PRICE 8^ 

.lECHANICAI. UEil 

DATE 12-PIAR-81 Tlf.E ?0:3fi f^IlENANF: iNl.fT 

(2810S8) 

FUHO LOOP HOSE(TCS) 


PROTOTYPE QUANTITY 


PROCRAA r.OCTii iPOO) 
FNij INFER INfi 
DRAFTING 
OFSIGN 
vrr.TF.ns 
PROJECT ncn: 
r;ATA 

F,U3 TOTAL (EN3i 


MANUFACTURING 




PRODUCTION 

- 

- 

- 

PROTOTYPE 

**4. 

- 


TOOl -TF.ST PQ 

■> 

t • 

- 

* 

SUB TOTAL (I1FG) 

. 

- 

* 

TOTAL COST 

112. 

- 

* 1 

A J ^ » 

DESIGN FACTORS 

MECHANICAL 

PRODUCT DESCRIPTORS 

UEIGUT 

IPO.dOn 

LNOINEERING 

COMPLEXITY n.snn 

DENSITY 

1090,909* 

PROTOTYPE SUPPORT l.C 

nFG. iOflPl EXITY 

4. ion 

PROTO SCHEDULE FACTOR .2Z0< 

NEU DESIGN 

0.250 

PLATFORM 

:.c 

DESIGN REPEAT 

G.oon 

fEAF\' OF T“^l 

^NOIOGY J983* 

EQUIPNENT CLASS 

***** 

RELIABILITY 

~A'. 1 OR 1 . C 

INTEGRATION LEVEL 

n.3 

MTBF(FIFLD) 

45173* 

SCHEDULE START 


FIRST ITEM 

FINISH 

DEVELOPAFNT APR R3 

( 3) 

JUN 83* (0) 

JUN 83* < 3) 

SUPPLEMENTAL INFORMATION 




YEAR OF ECONOMICS 

1981 

TOOLING i PROCLSf. FACTORS 

ESCALATION 

Q.OO 

DEVELOPMENT 

TOOLING .500 

DEV COST MULTIPLIER 

1.34 



COST RANGES 

DEVELOPMENT 

PRODUCTION 

TOTAL COST 

FROM 

97. 

- 

97. 

CENTER 

112. 

- 

112. 

TO 

K 132. 

- 

U2. 



B14 


I 


ORlGlNftl. PftSi W 
OF POOR QUALITY 



PRir.F. ii4--- 

.1KCHANICAL (TErt 


DATF 12-nAR-hl 

TIftE ?0:30 
( 2(11058) 

FIIENAOF; irn.rT 

COLD Pl.A TESL res ) 



PROrOTYP!-; lillANTCTY 

V- iiNIT WEir.Hl 

(1,1) iJNiT VOLUrtE 

ii.ll JllANtT i't 


|•ROGRAn i.OSTvt 1000) 

iil L'CI Of fLENT 

j'f;OlJ(i(.T) Of. 

..ViAi T 

EF(GINKERIN('i 

DRAFTING 

5. 

- 

• • 

DESIGN 

U. 


1, i. 

CYCTrOf. 

•) 

• • 


• 

PR() i»'.Ci riGOT 

•t . 


t , 

DATA 

1. 


. , 

SiiA TOTAL (ENG) 

5^ 

• 


nANUFA(‘:TURING 

i ROI)UCTiON 

- 

- 

- 

r'^'OTOTYPE 

19. 

- 

. , 

• OOI-IF.ST F(T 

• • 

- 

• 

simroTAuriFG) 

• ^ • 


V ♦ 

• K « 


TOTAL COST ^8. 


DCoir.h r'ACrORS 
UEISHT 
OENSTTY 

nPfi. CONPIFXITY 
NEW DESIGN 
DESIGN REPEAT 
EQUIPNENT CLASS 
INTFGRATION I.EVFL 


neCHANICAL 

6. non 

54,545* 

5.52ri 

0.25C 

o.ono 

hiHllHt 

0.3 


pROOiicr !';£‘;cKiFroRS 

I. LijJKFtRING lOttPIlXlTY j.VOfi 


PROTOTYPE SWPPORi l.O 

PROTO SCHEDULE FACTOR .250* 
PLATFORn :.c 

YEAR OF TFCHNOI OGY 1983* 

RELIA3ILITT .-ACTOR l.C 

NTDF(FIFLD) .';'04r.fi* 


SCHEDULE 

DEVELOPHENT 


START 

APR 03 ( 7) 


FIRST ITEN 
OCT 03X ( 8) 


FINISH 

.iUN 04 A ( 15) 


SUPPLEflENTAL INFORNATION 

YEAR OF tCONOniCS J901 
ESCALATION 0.0(1 
OFU COST nUlTIPLIER 1.3A 


TOOLING * PROCESr. FACTOuS 
DEVELOPOENT TOOLING l.OO* 


COST RANGCS DFVElOPnENT PRODUCTION TOTAL COST 


FROn 

41. 

- 

41 

CENTER 

48. 

- 

48 

TO 

58. 

- 

58 


F0I.L0UIN6 DATA CHANGES AADE: 
DhUl T»l.l,rnULT»l.l 


BIS 


OR'nirir '- PAc:i 53 

OF POOR QUALITY 


PRICE - 

nECHANICAL tfE/l 

DATE 12-nAR*fll TIftF 20:30 FIlENAflE: IM.PT 


(28105B) 


£1. SYSTEII HARNESS 


\ 


iiNIT WEIGHT ;iOlJl 

PROTOTYPE QUANTITY Uu UNIT VOUJrtt 1.00 uUAnT i F Y/NliA I 


PROGRAfi rOr,T($ 3 000) 

UEVELOPflENT 

flxOfnlCTION 

TOTAL COST 

FNOINEERINr, 





DRAFTING 

3. 

- 


**■ • 

Or SION 

C 

i • 

- 


5. 

5YSTF0S 

0. 

- 


0. 

PRO.JF.OT nr, nr 

3. 

- 


■F . 

.;ATA 

0 

It • 

- 


# • 

SliATOTAKENO) 

12. 

- 


12, 

nANUFACTURING 





fRODUCTION 

- 

- 



PROTOTYPE 


- 


/ 

TOOL-TEST FQ 

0. 

- 


i* • 

SUBTOTAUnFG) 

4. 

- 


/ 

TOTAL COST 

17. 

- 


1 

• i • 

0E3I0N FACTORS 

nCCHANiCAL 

PRODUCT 0E3CR 

IPTORS 


WEIGHT 

25.000 

ENGINEERING 

COnPLEXI 

TY 0.200 

OENSITY 

25.000* 

PROTOTYPE 31 

LIPPORF 


r.FR. r.onpLFXiTY 

5.200 

PROTO SCHEDUIF FACTOR .250* 

NEW OF.SIFiN 

0.500 

PLAFFORn 


2.C 

DESIGN RE IF AT 

0.000 

YEAR OF TFCHNOLOI.Y 

19ft4* 

EQIilPnENT CLASS 


RELIABILITY 

FACTOR 

1.0 

INTEGRATION LEVEL 

0.(1 

nThF(FIElD) 


173094* 

SCHEDULE START 


FIRST ITEN 

FINISH 


DEVELOPflENT HAY 0^ 

( 1) 

HAY 04* ( 0) 

HAY 04a 

( 1) 

SUPPLENENTAL INFORnATION 





YEAR OE ECONOniCS 

1901 

TOOLING t PROCESS FACTORS 

ESCALATION 

0.00 

OEVELOPnENT 

TOOLING 

1.00« 

DEV COST nULTIPLIER 

1.10 




COST RANGES 

DEVELOPOENT 

PRODUCTION 

TOTAL 

COST 

EROn 

14. 

- 


14. 

CENTER 

17. 

- 


17. 

TO 

21. 

- 


21, 
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- - PRICF 84 “ - 
FLECTRONIC ITEH 


^ . t ' * ; * 1 V- 

OF ?OOR QUAUTV 


DATE 12-flAR-8l 
PIJrtP (TCS) 

TROrOTYPE QUANTITY ‘ • 1,0 


TIrtE ?0;39 
(281058) 


UNIT WFIGHf 
UNIT VOLUilt 


riLENAflF! INT.PI 


<r*»kU> rtOUr 1 

I). 50 liilAHfi ir/NHA I 


i'ROGRAfl r.Or.Td I DUO) DF.VF.I OPOFNT f RuUlif.TTON 'IkV.Al TOST 

FNOINtFRINO 


DRAFT INS 


0 • 

- 

^ • 

0E3I0N 


14. 

- 

i. « • 

f.Yf.Tcns 


0. 

- 

ri. 

PROJECT non: 


*). 

- 


t.AT H 


3. 

- 

. « 

•UO * 0 TAi. ( c. liii ) 


SO. 

- 

H 1 « 

.V.Nlif rii.TliRINR 





iROOUCTlON 


- 

- 


PROTOTYPE 


10. • 

- 


TOOL-TEST FO 


2. 

- 

9 

SUBTOTAL(nFG) 


CO. 

- 

<'(). 

TOTAL COST 


49. 

- 

19. 

design factors electronic 

OECHANICAL 

PRODUCT DESCRIPTORS 


ueisht 

1 . (lOfitf 

34.000 

FNGINFFRING .'.CrtPLEXITY 0.200 

DENSITY 

50.000 

68.000« 

PROTOTYPE SUPPORT 

l.G 

OFG. C08PLEXITY 

9.410 

5.640 

PROTO SCHEDULE FACTOR 

.250« 

NEW DESIGN 

0.250 

0.250 

E1.EC7 VOL FRACTION 

,04Ci» 

DESIGN RFFFAT 

0.000 

0.000 

PLATFORN 

2.0 

EQUIP8ENT CLASS *»»»» 


YEAR OF TECHNOLOGY 

19R.T* 

INTEGRATION LEVEL 

0.7 

0.5 

RELIABILITY FACTOR 

1.0 




«T8F(FIELD) 

690271* 


SCHEDULE START FIRST ITEfl FINISH 

DEUELOPflENT APR 83 (3) JUN 83« ( iii JUN 83^ < 3) 


SUPPI.EAFNTAL INFORHATION 

YEAR OF FCONOnirS 1961 
ESCALATION 0.00 
DEV COST nULTTPLIFR 1.10 


TOOL 11(8 I PROCFS> T ACTORS 

OEVELOPNENT T00MN6 t.00» 


COST RANGES 
FROO 
CENTER 
TO 


DFVELOPflENT 

42. 

49. 

60. 


PRODUCTION 


TOTAL COST 
42, 
49. 

60. 
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ORIGINAL raCi 13 
OF POOR QUALITY 


HATf. 12-nAR«fll 


Accuniii atok (rcr>; 


- - - PRICF 

nECHANICAL ITEn 

TIHE 20:.‘^9 rHENAnr: 

(2fll05fl) 


rROTOTYFi- aUANTITY 


PROGRAfl f.Of.Tii ^^'0) 
"Ml*. INFER I Nr, 

I'RAi I ] NG 


f.l ,i) 


UNIT ync.in 

JNIT yOMGV 


.;ui 


i/rvLi ornFNT 




NOijf 

JUAN . t rY/:iii.‘t 

.'•ii.i i.SsT 


i.Yf.ir.nr. j. 

FRi).ji-r.r DGn: i. 

i A "i A > I . 

SUB TOTAL (EN3i 10. 

nANUr Af.TilRIKG 
iROruir.TlON 

PROTOTYPE 2. 

i00i-'.r.s7 Pu 1 . 


StJBTOTAL(IIFG) 


I, 


TOTAL LOST 


1 ?. 


DESIGN FACTORS 
UFIGHT 
DENSITY 

r.fG, i.OfiPLFXJTY 
NEN DESIGN 
DESIGN REPEAT 
EQUIPNENT CLASS 
INTEGRATION LEVEL 


nECHANICAL 

25.0n0fc 

^.^20 

0.250 

o.non 

(1.3 


PRODUCT DZSCRIFTCRS 


i.h(,l NEE RING COftPlEXiTY 

ri.rno 

PROTOTYPE SUPPORr 

1 .0 

• ROTO :.CHEDUIF (ACTOR 

. .'5i* * 

Rl.ATFORfl 


IFAR OF TEfHNOIOf.Y 

! Vft3* 

RELIABILITY FACTOR 

1.0 

BTP.FiFIFLD) 

232799* 


SCHEDULE START 

DEVEIOPAENT NAY R3 


FIRST ITFN FINISH 

5) SEP B3« i 0) SEP fi3< ( 5) 


SUPPLENENTAL INFORflATION 
YEAR OF FCONOfllCS )9B] 

ESCALATION 0.00 

DEV COST milTIPLIFR 1.10 


TOOLING « PROCESS FACTORS 

DEVELOPflENT TOOLING l.00«* 


COST RANGES 

DFVELOPflFNT 

PRODUCTION 

TOTAL COST 

FROA 

in. 

- 

10, 

CENTER 

12. 


12. 

TO 

U. 

- 

U, 
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_ . _ PRICF B4 ~ 

SYSTEfl COST SUn.lARY 

TinE ?nuo FiiENAnr: jNT.r i 

( 2 R 10 SB) 


TOTAI f.Or.T. UITH INTRfiRATlON f.OttT 

pROBKAn r.or.TCi )ono) 

r.NiuNCrRINfi 
f;RAFTTNf» 

OrSIGN 
:.Yf.TFns 
PRO.) «r,nT 
BATA 

•»ijrt TOTAL (ENG) 

nANUFACTURINfi 
f RODlIf.TlON 
PROTO TYPE 


*’ DFVElOPflENT 

PRODUCTION 

’* (Mi'll i.OfiT 

971. 

- 

V/ 1 . 




4Pfi. 

- 


h49. 


t * 7 , 

"05. 

- 

• •.r 

< t>w • 

‘fi I ■ * i 



000. 

- 

0.'»0. 


owa®-’- ^■ ..T, V 

Of POOR • 


BATE J?-nAR-Bl 


IT T • ▼ 


rOOI TEST PQ 

m. 


il t . 

T'ijRCii ITFfIS 

1). 

- 

1 i « 

Vjr.TOTAl (flFG) 

991. 

- 

't VI . 

TOTAL COST 

5o34. 

• 

r-:634. 

T RANGES 

BEVrLOPMFNT 

PicODllCTTON 

.:»7Ai c:.ST 

FROA 

4964. 

- 

4966. 

iFNTER 

5634. 

- 

;A:'.4. 

TO 

6585. 

- 

6505, 


* SYSTKA Ur 4333.00 SYSTEfI US 4330. 00 * 

» BYCTFA f-ERIEF flTDF HRS. :*.7P9 AV {.Yr.Tfin COST B * 

TO SAVE CHANGED GLOBALS. ENTER FIIENAAF* 
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APPENDIX C 


IPS CONFIGURATION 


PRICE MODEL REPORT 


oFPOoRQUAurr 


Oi^TF J 2 -nAR'hl 


SFAK ASS> <h) 


FhOrOTYFF uiiANUTr 


St 


PR IFF t.4 

ilKitriANICAU Iif.1 

Tir.F i.lirn 
(281058/ 


- ■ • 


FIIEHARF: sP&.Pl 



iiWIT MrIf>H1 lAf.n.Ofi flCiJF 
l.tl lirtlT yOUJflF 2U.iin uOAMflTt/Mrirt I 


*R<’ir.hAft f-Oj.T(i inoo) 

Ff»i'il.SFFRlNt> 
.'•RAFTlRh 
HF.'iiith 
r.Y"Tt‘ fl!' 

PRO-jilCT ni*,,*’ 

DAI A 

f.llMOTAl vFNf.) 


Df VFt OfflFNT 

3B. 

iOo. 

f.. 

55. 

■’3. 


PRODdf.TION 


lOTAL lui.T 

- « « 
:-3. 


BAN'iFAOTUhTRij 
r'ROiiMC.TIC'N 
pKiirO TYPP 
lOui-Tf.sT t a 
'(iiA?ijTAi.u1F5) 


ll/>. 

«n. 

i 


lift. 
■1 . 
i 


iAi OfT 
'Cl I US'S *■ r»i ro.* ' 

*F ] i'imT 
OPm.S C ■ T 

rit%. fOftPij-xiTf 
:>K'm 

PF5IAN kEPFAT 

tjiiiPflFr»r I'.LAS.ft 
IftTrAKAt u•^ I t^Fi 


■ / n. 

.l.'i’HANlCAL 
1400.000 
ft.d.15-* 
ft,. 500 
U.4>iG 
0.J50 

** 

if. 7 


PRuOUr. f OFftCRIPfCiK;) 
t riOiKFi fc JriO .,CftPi t XI T : 
PhOTOTYPt .SUPPyiir 
PROYO Of.hFDOlf FAf TOk 
Pi A I f <tSr 

YEAR OF TFCHNOIOGY 
RF.UA3ILITY for. rOh 
ATFiFvFIFLD) 


4 • W 

. 250* 

I9?5« 

1 .i! 


SGHKOUU: 


•STAkF 


FIRST ITEfl 


r uii'ii* 


OFVF.i CiPPlFNT .iAN 0.5 ( 7t i FB 0.5* l Oi i if. i:5* < D 

SiJPPLEflFrtfAi. lilFORflATIOH 

YEAR OF rCONORICS 1901 

E.SCALAnON 0.00 

OEV COST ftUl TIPI IFR 1.10 


(.OOT RANiiES 

OFVF.lOPrtF.NT 

PRODUCTION 

TOTAL 1 u:. 

F kOR 

120. 

- 

120, 

rEKli.k 

570, 

- 

57 u. 

TO 

44.S. 

- 

4 45, 


TOOIIKO I PR0CF50 FAuTOhS 

i)£VFi.0pMtN7 lOOLlNh l.Oii* 


ORIGINAL PAGE IS 
OF POOR QUALITY 


- - - f-'fcjf.h - - - 
MECHANICAL ITEM 

DATE l^'«AR-5l TlftC IM-H Fli ENABF; IPB.F I 

;:P!u5fl) 


SPAk Afi;>Y lock INTcRFACE Firilfitj i SFNSOh rirT(N'> 




UNIT wriGHT 

?..D0 

MODF 

% 

PROTOTYPE QUANTITY 

■i.W 

UNIT VOI liflt 

li.n.T 

WliANTi f f/.NiiA 

* 


I ?iOr»KAft i.Or.TCi 1000) liEVriOrflfNl rKOiiiU-TiOH TOlAi C uf.T 


h«'FlN*iKNiNt7 

uRAf 7 J«C 

3. 

. 

3- 

OtSIiTN 

R. 

- 

H. 

bffjr.ns 

1. 

- 

1 

* » 

PR0JF.C7 nnni 

• 

- 

« 

i.'A i A 

1. 


1 

^lUBi OTAL(ENb> 



ts. 


i-ROnUCTION 

_ 



PROTO 7YFF 

S. 

- 


iOOi Tf.ST FO 

J. 

- 


r, UB TOTAL (AFr,) 

• 

- 

7. 


lUIAL t.OST 


■ 



MECHANICAL 
f>. jOiT 

i»DAn!!rr r.rcr-'TPTAOc 


NEISHT 

f Nf,INFFftTNh r-CAFiFAHY t .nfifi 

DENSITY 

ISR.6S7* 

PROTOTYPE SUPPORT 

l.U 

r.FR. F-CNPLEXITY 

f5.6?u 

PROTO SrHEOlUF FACTOR 

.250* 

NZi< OF Si ON 

i).75n 

PLATFORM 

z.c 

DF.5ISN Rff-EAT 

0.7S0 

YEAR OF TFCHNOLOCY 

l«BAt 

i-QiiiPrtt-Nr i.LASS 
I RTF PRAT TON i f VFL 

ru7 

RELIABIl.ITY FACTOR 
MTBFiFIElD) 

t .(( 

>19601* 

START 


FIRST ITEB FINISH 


PEVr.i OF BFNT .lAN u4 

( 1 ) 

AUG Pi At i 5) JAN CS* 

i f 3) 


-,iipFLEi1Eli7Ai. tHFORMATIOH 

YFAK or rnoNonics ivbi tooling a procfgg rACTor-G 

c!*>CALATION n.OO OEVFI.OPBFNT TOOLING 1.00* 

DEV COST WJl TIPI lER i.JO 


COST RANGES 

ufVLlOPBINT 

PRODUCTION 

TOTAI . OST 

FROM 

n. 


21. 

CFNTF.R 

* 

*■ 

.’k . 

VO 

20. 

- 

2.1, 


RAGS jS 

OF POOR QUALITY 


- - - f-RICf - - 
MECHANICAL IIFM 


MATE l?-nAF-Hl 

lire 

(ZaiOMA) 

F Ti ENAnr 


END fLrtri: .4 AFF.iiUjRE f.OvER kA/IPS 

OF ‘^EC 



FROrOTYPr UHANTITY t.i) 

UNIT wFirUT 
UNIT uorurtt 

uo.uo 

w.-in 

rtODf 

liUA.lTIT t/NHA 


r=iOiMkAA f.Of.T(S 1000) 

OrvCLOf-NENT 

f f.OOUCT I ON 

.OTAi COST 

tNiilNFEKlNri 




titvAf TiNO 

61 . 

- 

M . 

DFifCN 

U9. 

- 


..fOir.*!’ 

IS. 


IS. 

PROJECT MCiMT 

Zn . 

- 

-A. 

OAT A 

17.. 

- 

■3. 

nijrtrOTAi.(f Noi 

2->9. 

- 

V • 

r.Arajf Af.TUf.iNO 




t'ROOUf TTOn 

- 



fhOrOTYPE 


- 

{ .. 

(OOl TF..ST tO 

* • 

- 


•ii»A ro r Ai { “r ij ) 

IS. 


7ft. 

tot At rO.'TT 

7.ns. 

- 

.%ris. 

CfStiiN FAi.rOhS 

MECHANICAL 

FROOUi.r Oc;>t.R » FTOR S 

i*t iOHl 

mO.OiiO 

tNOINEtRlNO 

COMET FaiTY U. no 

OtN.SI lY 

<IN6 . an7« 

PROrOTtF'E SuFFORf 1 ,T 

nfo. fO.M i.fXiT r 

.*i.9t8 

PROTO .SChEDUI t i At. TOR ..'jO* 

r.i w Or:.iON 

u.7faT 

Pi Alf ORfl 

w 

r/t.iir»N NEfFA’ 

u . iTiTO 

YFAn of TEChNOLOiiI I9H.T.* 

ttumNrN] 'TAOS 

11** ♦ « 

M 1 iAi'.] 1 1 1 1 

FACTOR l.fi 

INTEORATTON lFVFl 

C.7 

NIrtFtFTFl A) 

R 1 l)v 4 * 

r.ruFOtii E .rtakt 

FIRST nrn 

riNi SU 

OtVEi.Of .IFNT .JUL OT 

K 6 ) OEC 

n.T» ( li) 

OEC :T.T» 

:.Uf FffftfNiAi IKFOknATTON 




YEAR Of rcONOftTCS 

J9bl 

TOOllNf, A PROCESS f ACTORS 

ESCALATION 

•1 • iTii 

DEVELOFMr..NT 

TOOL INC, i.nc 

OLo for.T nu! nri ifk 

1. 10 



fOr.T RANGIO 

ufvr.i orntNT 

PRODUCTION 

TOTAI iOr.T 

FROrt 

271. 

- 

2/1. 

C.ENTF.R 

OfiB. 

- 

700 . 

ro 

•T.s*;. 

- 

is;. 


C3 


ORIGINAL PAG£ 13 

OF POOR QUALITY 


fRirr 6A 

.lerHAMCAL IfEfl 

r.ATf. Tinr u:?? flltNAni: 

( 2 aiosa) 

r..,p» .srix.f.iii.i SHif.LO * A^'£K^UK^ ccvnh;j 


PfiOTOTYPC UliAMTITY 


1.0 


Oh IT i^TliWiT IDD.itO nOfif 

UNIT VOlliftF .'.’TG aUANrm/r»MA 


1 


tf.RArt f.osTd jonoi 

Of vf.l OF NFNT 

fRODlIf.TTON 

. lOTAl {.OGT 

t.'tOIhf'FRlNh 

DRAFTING 

47. 

- 

* 1 > 

OFSTiiN 

U3. 

- 

U.». 

f.Yf.TFflS 

14. 

- 


FhO.iKr.r 

W 4 . • 

- 

* • ♦ 

DATA 

IQ. 

- 

10. 

simroTALfJ Nfi' 

20h. 

- 


r.AMil AC HIRING 

iROtJtuTION 

- 

- 

- 

PKOrOTYFF 

29. 

- 


lOOi-TF.&T FO 

7. 

- 

' • 

SiihrOTAcinFu) 

3S. 

- 

AS. 


TOTAL • OGT 

C 4 .4 . 

- . 


OF-SiuN r All TORS 

iIEumAN I CAi. 

PROOtiCr OESCRIPTOkS 


iiF I G»n 

1 GO . GflO 

fNGlNFFhlNG rOflfiiXlTt 

*1. 7CuT 

AFNSTTY 

•tO.iiiin* 

PROTOTYPE TUFFuRf 

1.2 

nlG. rom-LFXTTY 

ft2G 

PROTO SChfDiilf mU'TOR 

.I'f.G* " 

NZw OFiliiH 

ij . /.ill 

PlATrORfl 

■'.ij 

OF SIGN kFFFAT 

0. ?Oii 

YEAR OF TECHNO! OGY 

1983* 

FJUiFftF.ir ill A33 


REi.IA&ll ITY FACTOR 

1 .r. 

IKTT ORATION i EVFl 

0 . 7 

«T8F (FIELD) 

f:V4?9* 

'TCKFOiJl.r .iTART 


FIRST TTF8 FTNlSH 


DfVr.l OPNFNT jUL 8.3 

\ A ) 

DFC 83« ( G) DFC S3* ( 

^ i 

.iliPPl.tJIFNTAi. INFORnATION 




tFAR Of FCONOniCS 

IV81 

TOOUNG 1 PR0CF5.S FACTORS 


EStlALATTON 

il.Ot] 

OFVELOPflFNT TOOLING 

l.Tfl 

DEV COM ftUl TIFI IFR 

i.in 



COM KANGF-S 

DF Vf.LOl nCNT 

PRODliC.TION lOlAi i Of*T 

FhOA 

211. 

211. 


CFNIFR 

.*43. 

74 X. 


ro 

793. 

291. 



c 


OF POOR QUAUTV 


K()Ci ».*. - 



.7.U^* iJ; ,1 Ak-h1 


.ll-'i'MtiNlCAt U»-fl 

Tlftf f'ifhAftlJ If f.. I I 

(2SlO.'Sfli 


\ 


• A.-^fSTEn Itih' STr 


PRororrEE quantity 


\ .0 


llKH kif Jf-iiT MiO.uO HOr-i i' 

liNi’ ^rOt.ijrtt-- .’I'.oo liii.^jfrrTf/sti,^ t 




1 *,* ’r Art \ vffiT (1 1 O' U ) 

'eVilOfftfRT f RvOiu T I ‘N TOTAi 

POST 

twi'i i* f f i*« ' 




ffRA^ Tim'- 

17. 



Of 1 (liH 

*1 * . 

- 

« ** « 

f Tf.Trfff. 

V. 

- 



tt. 

- 

tl . 

OA 1 A 

3. 

- 


'.(iP^iOTAUENO/ 

01. 

- 

ill . 

r.AMii Ai TUkInu 




r POfMif.T I OH 

- 

- 


PhO TODf f 

30. 


3.; . 

lOvt If.ftT fu‘ 


- 

r. 

siirtrcTAL^nr:») 

37. 

- 

V. 

lOiAi ».OST 

UA. 

116. 

oe.sion kai:tors 

.irr.HAfucAi. 

PRor;i;r.T oescripts^rs 

1 

wp lAHi 

100.00(1 

f KOIbti RInO 1-C.ftf l f XII 

t I.Gf.O 

DFN.Snt 

0.4.31* 

PhOrOTYPE SUPPilRr 

l.i) 

r.fA. fomuxnv 

fi. VOa 

IROTO bCHif'iil.r FAi.TCifv 

..'f.O* 

Of‘iU»N 

0./>00 

PL.YrfOhfl 

’.il 

DLfTAK KIFFAT 

0. /fill 

YEAR OF IF.fHbOl Of.Y 

!'?f.4. 

EuuifflfNP I'.l.ASS 


RELIAelLirY fACTCiA 

l.il 

IMIAftATlOK lEVFL 

II.S 

Mir.f (f Tf 1 0) 


!?ChEOfiLf star: 


FIRST ITFB FINISH 


Of OPftf KT JAff A4 

( b) 

mUG 04* ( 0) AUG h4* 

( 8) 

SIJPPi.FflfNrAI INFORHATION 




YEAR Of if.OKOnir.t; 

19A1 

1001 1 KG i PRocfsr. ronoKr. 

ESCAf ATiON 

0 , 00 

OFVFLOPflFNT TOO! INO 

l.OO* 

t)f.V (.OM ftfiniPI IFR 

1.10 



f,Of.T RAhGfR 

.if vi.i Of r.Lfn 

fROUUniOK 101AI 

for.T 

EROA 

103. 

10.3. 

iFNlf.R 

Ilfs. 

no. 

ro 

U9. 

1.3-7. 1 


C5 


I 


ORIGINAL’ PAGa IS 
OF POOR QUALITY 


Ffvin NS - - • 

KlfCTRONir ITLft 

f-Air. 12 flAk-Pl (TftF 13:?2 HI FhArtf : JfS.f l 

cflinss) 

RAti Fk^ aha 


WRIT wRIGHT 

FROrOTIFt QUANTITY l.tl UNIT VOl.lJrtF 


?.f.n fioiif 1 

0.03 QUANTITY/NHA 


iiRAfl CO£.T<$ 1000) 
t.SiilNEFKlNii 

f»l Vf.LOPflFNT 

IROOliCTION 

TOlAi COST 

ORAf TINC 

.5. 

- 


DESICn 

11. 

- 

1 1 . 

CYCTLAS 


- 


PRO.iECr rtilAI 

•I 
*• • 

- 


i/A 1 A 

1 . 

- 

1. 

SUAT0TAUEN3) 

Irf. 

- 

11], 


r.AMIf Af.TlIRINi* 

RROmir.TlON 

FROfOTYF'E li). 

lOOL-tFST FC 1. 

-SUBrOTALC.IFS) It. 

lOIAl uOST 50. 

DtSliiN 70 a!> ELEOTRONIE Hf.i'.HANICAL 

DENSITY ^ 4 .nnO AA. 667 * 

nin. i.OftPIrXITY V.'ilt: f..;‘70 

s 2'4 cfstgn u.^ion ii.!^no 

K-HFAI fi.9fiO O.f.On 

L /IPrtENT Ci ASB *»•«** jui*** 

IKUOkA'iION I EVFL 3.f. fi.f. 


lU, 

I. 

U, 

:'.n. 

PRODUCT OF.'^CRIi '! ,.<C 

i KOINFi RINO t vYNFlIXni 1.200 


PROTOTYPE SUPPOh-r 1 .0 

PROIO MUrOiiif f A( V'U; ./SO* 

n.PCT VOL FRACTION ,309* 

HATFOkn :‘.fi 

YEAR or TFCHNOIOCY 19A3* 

RfllABU I7Y FACTOR J .» 

lUAFiFIFLO) l,5dl557* 


SCHFOULE 

OfiVUOPftfNT 


START 

APR 05 ( IN) 


FIRST I TEA 
.lUL fi4« ( 0) 


FiNISii 

.1111 HA« ( U) 


SlIPPI.ErtF.NTAi INFORMATION 

YFAk OF rr.OKOftICS lyOJ 

ESCALATION li.OO 

Df V COf.T AUl TIHIFR 1 .10 


TOOilNO « FROr.ISr. I At TARS 
OeVEl.OPdENT TOOL INC .COO 


rO.ST RANOES 

OFVELOrnFNT 

F-ROOUniON 

TOTAI COST 

FROrt 

2/>. 

- 

• • 

CrNTER 

50 . 

- 

*'*0 1 

TO' 

5.C. 

- 



C6 


ORiGir-.-r fg! 

OF POOR QUALITY 

F-rvIff f.i - - 

aF.CTRONic irt:n 

OAU i: riAR-ffj iihF i?:?3 niFKAflr: irr..r-i 

(281053) 

C*OH BUFfER 

UNIT »*ri(.HT 3.00 nOijF 

PROTOTYPE QUANTirY 1,0 UNIT VOLUrtE 0.03 uUANTrTY/;f..A 


FROORAft fOfT(i FOOD 

ofvr.i oroFNT 

F LOF»Uf.TTON 

TOTAl ro 

tNiilNEiR FNO 




iOxAFTIfif. 

33. 

- 

73. 

OES£fiU 

ItJH. 

- 

10 

[.fr.TFflf. 

17. 

- 

tv . 

PRO FEET nOfIT 

U. 

- 

n. 

OAiA 

5. 

- 


SOB TOTAL (ENO) 

175. 

- 

U5. 

r.ANIIF AC TURING 




F'ROfiUi.TION 

- 

- 

- 

PROrOTTPF 

17. 

- 

i;. 

lOUl TEST FO 

A m 

- 

t • 

:>uBroTAi.(npr,) 

19. 

- 

r?. 

TOTAl T.OSl 

19^. 

- 

19'|. 



0E810N f AO TORS EI.Er.TuONIf. OEOriANTCAt. PROOUET OEr/.'.RIPTORS 


klFIGHT 


?.nnn 

r.NGINn RTHG c.oomxiTT 

i.roo 

OENSFTY 

^^'.|)00 


PROrOTYFE SUFFORF 

1.0 

r.in. i.onmxiTY 

9.A10 

5.770 

PROTO r.r.iiEOui r fa( tor- 

..'■50* 

NEW orsiou 

0.500 

0.530 

elect VOL FRACTION 

.ft9*T* 

DL3IGN FcEPFAT 

0.500 

0.001 

PI ATFOCn 

7.0 

cUUIP.IENT CLASS 

»»*»« 

***** 

YEAR OF TECHNOl.OOY 

1983* 

INTFGRATION 1 EVFL 

0.5 

0.5 

RELIABILITY FACTOR 

1.0 




nTRF(FIFLO) 

A90271* 

SCHFOULE 

START 

FIRST 

ITEn FINISH 


DF.VF.I OfftF NT 

AF’k 03 ( 

lA) .lUL HA* i 0) .iilL l.A* 

( (A) 

SUPPLFNFNrAI. INFORnATION 




YFAR OF FUNOHirS 

1901 


1001 1N(. i FROCI Rf. l Ai.TVfvC 


ESCALATION 

0.00 


OEVaOPIIENT TOOLINU 

.500 


DFV LOOT miLDF'l IFR I.Hl 


COST RANOES 

OEVELOPOENT 

PROOliCTION 

TOTAl COST 

Fkon 

17?. 

“ 

17?. 

CEN FER 

194. 

- 

194. 

TO 

FOl.LOUINii DATA CHANGES 
fimiLT^l.AA.PfUII T-1.3A 

?23. 

NAOE: 


?23. 


0 RlG^^ 5 "^- FAG 2 !5 
OF POOR QUALITY 




r..uio LOOP hosrjrcG) 


FfiOTOTIPf; JUAWriTY 


( R 0 i»fcAft fO‘.T(t inoo) 

F.tiil.lPKN I?»i) 
iiRAj Tlhi» 


..rf.irns 
rR 0 ir.:r nonr 

i>Ai A 

SUrtrOTAu(Ef«3) 


AAmu Al.TiifclNfi 
i RO(/UC-TTON 
I nOiOTYPP 
1001-lF.f.T F£) 
.SuBfOrALCAPu} 


TOlAl LOST 


CESltlN r AO TORS 
wFICiHT 
DENSITY 

r.rr.. roftfirxiTY 

NLU i»FMi-N 
CESION RKPEAF 
FfiUlPAFNT r.LAiR 
INTEuRAHON L.’VEc 


I Rlt f i.X - 

neoHANicAL ircrt 



TIAC 13:?3 
( 2310 S 8 ) 


f 11 rKADi 


UT..N 


2^ 



l.i) 


UNIT -Ur.HT 
UNIT VOUJAE 


irn.no 

0.11 


nocf 

UOASI TT^ , 


Of W1 vH'AlNT 


fRuiiunirn 




IvlAL COST 
IS. 




1 . 
ii. 
6 . 
OA • 


? 9 , 

! . 
I .. 

A. 

AA. 




tt . 

?. 

^A. 


112 . 


112 . 


nrOHANICAL 
120.000 
1090. 909< 
A. 100 
(i. 2 f.O 
0.000 
« o« < 

0.3 


FROOOr.T OESCRIPTOK:; 
FNGINEFRINO 1 .OAPIFXITY 
PROTOTYPE SUPPORT 
PROTO Sr.HEOUlF T ACTOR 
PlATFOkfl 

YEAR Of. TECilNOI OOY 
ftfl lAP.TI ITY FACTOR 
niRf CFIFLO) 






0. 300 

1. n 


w 


.. ill* 
2.0 
1901* 
1.0 

aSWI* 


: “» 
1^7 


-‘i 


I 


iciiEnm E 

iiFvF.l OPAFNT 


START 
APR P3 


l) 


riRST UFA 
.lUN R.K ( 0 ) 


1 IHir.H 

.uiN u:u 


3) 




SOPPLEflENrAL INFORnATION 
YEAR OF FCONOniCS 
ESCALATION 
DI.V COST mil TIPI IFR 


1901 
0.00 
1 . 3 a 


TOOLIN(> « PROCESS (ACTORS 

ormopnFNT tooiins .soo 






COST RANGI.S 
FR0.1 
iCNTLR 
lO 


OFVFlOPnFNT 

9 ;. 

112 . 

TT 2 . 


PRODUCT I ON 


TCTAI COST 


97. 




1 3 '* 


OATt U-PAR-31 


COLO PlATES(rr.S) 


PROrOTIrPr QUANTITY 



;).ll 


- - PRICE 
AECHANICAL ITFH 

Tint 13:24 
(2610^8) 


UNIT ynr.HT 
UNIT VCUJflh 


FIlENAnr: IPS. PI 


f. .jfl no{>f 

o.ii uuANnrr/HHA 


PROr.kAN rOf.Tit 1000) 
tSCThCFRINo 
UKAfTlNG 
OESlfiN 
SYGirnr . 

PRO.JCCT ncnr 

UATA 

SUA total ( EN 6) 


UlVCLOf-nLNT 

Is . 

•> 

• • 

I . 

1 . 


ffvOfnif.TlON 


TOTAL rOf.T 

5. 

Is. 

•> 

. . 

t • 

J . 

27. 


rANiirAC . TUftJNr . 

' KOUUi.TION 
f.TOTOTYPF 
TuwL TF.GT tfl 
‘TlmTOTAi.irtKfi) 


19, 

2 . 

21 . 


15 , 

C I 

.' 1 . 


TOTAL COST 

OPSu'.N FACTORS 
WFIhHT 
CPUS TTY 

nffi. f ANn.T XT TY 
.s£i» OFSICn 
iUi.iGN Lf f-TAT 
PjiJlPACNf CLASS 
INTTAKATTON LEVTL 


s<i. 

AECHANICAL 

6.000 

Ss . SsS * 

s . f.?n 

ii.2S0 

0.000 

***** 

0..A 


s». 

PRODUCT DESCRIPTORS 

FKMNEFRIiiO CONPIEXITY 0.900 
PROTOTYPE SUPPORT l.O 

PROTO .^f.hfOUlF FACTOR .?f.0« 
PI.ATF0R8 2.C 

YT.Ak Of TF.CIINOI 0(.Y IV«A* 

RfcL I ABILITY FACTOR l.S 

KTOrTFIFLOl /20406* 


SCHFDULF START 

OrVUOPftFNl APR 03 


( 7) 


FIRST TTFN FINISU 

on 0.1« < 8) .ION 04 i 


» 15.) 


SUrPl.E.VHTAl. INFORHATION 

YFAR OF FCONOniCS IVBt 

ESCALATION D.OD 

DFV COST AUITIPI IFR 1.36 

COr.T RANOIf. OFVLIOrnCNT 

FROfl 41. 

CFKTI.k 48. 

TO Sri. 

iOUOUlNO DATA CHANGFR NADFt 
DRUI r^l.l.PrtUl.T»l.l 


TOOl ING 6 PRorrsr. factors 

OCVFI.OPnFNT TOOLINiT V.iTO* 


FROOUf.TION 


TOTAL COr.T 
41. 
-. 8 . 
^8. 









ORIGii jj.i, 4-AG£ {S 

OF POOR QUALITY 


- ‘ - F-Rir.f iu 

flCCHANlCAL ITffl 

Ot\u i2-fiAR-Ai uni iSiis fiitKnnr: u:.ri 

CfllO^A) 

Ei SYSrEfl HAR.-itSS 

liNll yf lGHl .-.fi.fin AOlJf 

H'hororYFE uiiANiiry i.u unit voi.nrtK i.uo ciUANmY/NHA 


I ROf.RAn r.Ol.Td 1000) 
ENoINKCRINTj 
okt>f T iNb 
OES iuN 
f,rr.Tr.fif. 

PkOJtCT flOOT 

Oa r A 

f.UhlO i AL (F Nb) 

ilANUFrtO rUK iNm 
rftOnuC.TION 
PKOiOTiRF 
iuui-Tf.5T fO 


0fV(.L0rflFNT 


3. 

o • 
0. 
1 . 

<. • 

u. 


4. 

1. 


f ROfiUCT ION 


TOTAI C.Of.T 

3. 

r 

• 

n. 

<• . 

•- • 

I •t . 


'1. 

1. 


Suli TOTAL (ilFG) 

TOTAl TORT 19. 

iJKbIbN lAC.TOKS ftj t.liANiCAl 

^EFuhT .Iii.nOO 

OFNStrY 30.0110 » 

r.lb. lOftLLiXIl) fi.200 

hi V f'fUH.N 0,500 

OESION REPEAT 0,000 

rOUlfAINT T.I.ASS <***i 

THTtORATION LEVE;. 0.0 

OCHEDULE START 

fifVLlOPmNT OAT uA ( 1) 


5. 

JV. 

K\00liC-T f»F SCRIPT ON?' 

ENOINEfRINf. COftPLiXITY U.^OO 


PROTOTYPE SUPPOKf l.O 

PROTO CCHrOUlf fAilOR .ISO* 

i i Air or. ft /.o 

YEAR OF TF.EIiNOl OOY IVOi* 

KfUAMilTY f ACTOR 1..T 

rtTBF(EIFLD) 


FIRST ITEfl FIHihii 

ftAY 04* ( 0) ftAY 04i i 1> 


SIJPPi.EftENTAI. TNFORnATION 

YEAR OF tCONOftirS J'/Ol T00UN6 « PROCESS rAiTOI;R 

tSCALATiON 0.00 OEVEI.OPnENT TOOIINO 1.00* 

01 V cor.1 *!UniFI If.R l.JO 


COST RANOrS OrVUOPftFNT i r<0t)ll(.7I0N TOTAL COST 

FROft lA. “ IA« 

rrNTi.R 19. iv. 


OAU i: r.Afx-fu 


pRicr fi4 - - 

SYSTFrt CO!5T SUrtrtARY 



llflF J?:?< HiENAnr: 

(?filUMO 


F'l UT 


TOTAl f.Or.T, WITH INTFGkATION COST 



FRor,RA.i nosr(j inoo) 

DfVGI.OPnFNT 

PROOUCTION 

rOTAi. I.0;7T 

FNr.JHnRIKG 

r»KAf 7 Ifio 


- 


(H f.lCN 

*H9. 

- 

si.y. 

r.lSTFrtS 

70. 

- 

70. 

i ROJ ttfiftl 

J4B. 

- 

J 4ri , 

OATA 


- 

Ak. 

CUP.TOTALiFHS) 

11J9. 

- 

1119. 

/lANliFACrilRI.***; 

l-RurMlCTI ON 

- 


- 

PROTO TYFF 

•m. 

- 

.m . 

lOul- ir.S7 F0 


- 

.'.ft . 

ptjRr.H trrns 

n. 

- 

n. 

r.liliTOTALinFG) 


- 

* 

lOrAt. COST 

14A5. 

- 


(O'.T KY.HCfS 

(»f.vr.iopnEMT 

'ROfMirTTOH 

7MAl • CRT 

r kOA 

1278. 

- 

1778. 

CFNTPR 

u/»ri. 

- 

1 465. 

7 0 

17aP. 

% 

- 

1 / 


*<>*««*t*<»»**«*»«»****k*»*»**JH**»»»**#«*»****»******^**t**^-»**»*l»' '»<♦♦♦*♦ 

•» ivfiA.o.i r.Yf.u.ft iv(w..uti i 

^ •'ihRIFii nTBF HRS. 7^11 M SYSTFI1 COST ii 

*i***1k*ii********1Hi**1i*****it****4*1t^-****4^^*i * l*****^* ****** i*A^:*^*-* ****** 


TQ .V.Vf riiAN(.FD r.LOBALS. FNTLR FUFNAnF- 


APPENDIX D 
AGS CONFIGURATION 


PRICE MODEL REPORT 




• *.-3^ 




0 R 1 QM 4 AL rAOXjJ 

or POOR QUAUTY 


- - r'RJCL f <4 - - 

AF.r.HANirAi iir.K 



r>Arc i;.-rtAR-i?i 


SPAk AHSY (H) 


FfiOTOTVPK liUANriTr 


rrne i.r..u 

( 2 filOf.O) 


FILENAflKJ AiiS.ri 


UNIT kfi&ht ufin.on p.odf 

l.lj UNIT VCl.UrtF Ml.aO QliANTlTY/NHA 



f-ROfiRAA f.oi.Hi inno) 
rNiJIS^FSlNti 
i;[<AmN(i 
OFHiIN 
f.rr. 7 f.Nr. 

PRO.lFCr AiiflT 
DAiA 

Si<BfOTAc(ENG) 

rANiif Ar.rtiRiNG 
pRODiK.TIOh 
PROFOTYPE 
TOOl -TEST F3 
'.•uarorAL(iFG) 


iJfVEl OPJIFNI 


PROmif.TION 


TOTAl TOST 


TOTAL i.Or.T 


DFSIGn FAI.TOF;;; /IFCMANICAi. 

wFJr.ii'F UOO.AOO 

,:NSirr 

TiLi't. I Gftpj LaTTY ^.^•OA 

Ncii Or.SlAN iF ,400 

DF5H.K KTPFA7 0.150 

EJlJfP«'*Nr CI.A'T:, ***** 

I Kir GRAY ION iFVfL 0.7 

TGHEOUi.F fUAftT 

ULVF.L jF’NFNT jAN 0;\ i '/) 


pftoour.r OEGCRiProft'. 

FNf.IKFiRINO OOnFliAllY 0 ..i 00 


PROTOTYPE GUPPORi 
fkOTO OCHEDulf fACTOK 
PI ATFORn 

YI.AR i.r TFCHNC OOY 
REI.IA 3 ILITY FACTOR 
RTBFFFIFlOi 

FIRST ITFn FlNlSil 

fth i 0 ) FTP. 03 * 


,/r.ii* 

’.0 

19 B 3 * 

l.Q 

sS 66 ?* 


< .’1 


SUrPi.P.N* sTAt. INFORnATION 
YFAR OF Fr.ONOflIf .5 
FSCAlATLON 
ilFV rOM ftlllTIPI IFR 


TOOL) NO A PROn.Sr. rAFTORr. 

OEVti.opnrNT TOOl iNo uun» 


C 05 T hANGf.S 
FROfl 


bFVi.l OPAL NT 

■Ui}, 


PkOmitTION 


TOlAl C. 05 T 
. 130 . 


(FitTl.k 

10 


D1 


ORIGINAL FAG2 IS 
OF POOR QUALITY 




- - PRiCf I *. - - • 
.neCriANlCAL UFA 


HATE i: -AAR- 61 


TIAE 13:33 
(28inS6> 

FIlENAflt: AGr..FI 

SPAR ASSY LOCK FITTING 

ON GR 



PROTOTYPE uijANTITt 

S.ti 

UNIT bFIGNT 
UNIT WOLUAF 

f..DO AODF r 

0.03 jli An r II Y / .triA •» 



ju' 




PROGRAA COSTil 1000) 
ENGINlFRING 

GfVFLOPAFNT 

PRODUCTION 

IOTA! COST 

GRAFTING 

3. 

- 

3. 

OES IGN 

ii • 

- 


GYBTrAS 

1. 

- 

1. 

I'RO-ii.CT AilAT 

2. 

- 

. 

DATA 

1. 

- 

1. 

SGBTOTALlENai 

15. 

- 

15. 



“YiMiFrUUIRlNri 

PROnUC-TiOfi 

PR 0 F 07 YPF «. 

TOOi -IFRT f G J . 

ii»,rorAi (.IFfi) 9. 

total r.ORT Ti. 


A. 

1. 

9. 


r'KOuiinr oF..St'.RiproK > 
tUblNt Fh'Iltb I'.OAPi.fAlTY 
PhOrOTYPt SiiPPOKf 
PROTO rfritOUlE FAGTOk 
P lorFORO 

YCAk OF TFCHNOIOGY 
RFL I ABILITY FACTOR 
flTBFIFIFLO) 


•;F.Tii»N FACTORS 
WEIGHT 
otrt-.iTY 

r.FG. wChPlFXITY 
Nfci* OtTICh 
DF.f.H.H ktPFAT 
EdtjlpnfNT CLASS 
lATFORATIOH i tOFL 

SCHEOUl.F 

iiEVF.LOPflEHT 


rtCCiiA.SiCAL 
^ . iuTu 
lrtG.467* 
fi.6r'0 
i';.7Su 

0.7 

START 

JAN 0^ < Hi 


FIRST ITFfl 
AUG OSi ( Si 


} .,'00 
l.O 

"I 

w • 

19 
l.G 

?19R01» 

FINISH 

JAN Or- \ 13) 


SIJPPi.FrtKNTAi. INFORflATION 

YEAR OF FCOKORICS 1901 

escalation O.Oii 

{lEV COf.T ftUi TIPI IFR l.lll 


TOO! ING 4 PROCrSf. FAT TCRf. 

OLVCLOPilFNT TOOI.INC 1.00> 


COOT RANG! S 
FROrt 
CEKTIR 
TO 


OEVFLOPnFNT 

2t. 

?<• 

28. 


PRODUCTION TCTAi i Of.T 

n. 

:4. 

2 J, 


(-3 CC 





owew.^i: FAQs w 

Of POOR QUrtl-'” 


DATf. l?-nAk-aj 



- - - ( Rif.c f;4 - - ' 
<tei.nAHlCAL ITCil 


Tir.E 13:33 
( 2 aiOS 8 ^ 


riiENAdi: .‘.hf..n 




FNO FLAfi. i AffUTIiHf. COVEk kAAFS OF SEC 



UMT 

yfluHT BO.ufl 

ftODi 

rhOTOTYPE UliAMTiry 

l.ij IjNIT 

V01.1J.1F 0.30 

QUANT IlY./NMA 

FKOafvAft rOf.Tti 1000) 

ijf Vi.i OF ftTNT 

PROlUiniOR 

TOTAi 

E.NifiNKENl.Nti 




7 iNh 

6l. 

- 

{.1. 

OFSihW 

Ih9. 

- 

IS9. 

{.ysTFrs 

Ifl. 

- 

Ifl. 

pao.jhCT ni'in: 

• 

- 

7«. 

I'A 1 »: 

13. 

- 

n. 

jii3 fOTALttNo; 

?.S9. 

~ 

749. 

rANUf Af.UiKlKf« 




FROIauTlOti 

- 

- 


krototyff 

•U. 

- 


lOul-lEBT Fit 

'I. 

- 


S«j670rAi.(l1FG) 

3«. 

- 

•JQ. 

TOTAL f.OBT 

30B. 

- 

3fift . 

0£i(hti FACTOR i 

.lECriANiCAL 

FROOUnr i/F.Sr,R IF TOi\.i 

Wf Jf'hT 

ao.iTon 

FNhIHEERIRCt 

COftPlEXITY I./..:! 

OtffSITY 


PROTOTYPE SHF PORT l.T 

nM'j. tvAPltXlTY 

S.V18 

FkOTO srnEOliLE Fnf.TOR 

NEi* OF-BiiTri 


Pi ATF0R.1 

W • '4 

DfSIuii fai l AT 

O.OOiT 

YF.AR OF irrHKOiOf.Y 1983* 

tiiui Frt*.iT I'.LASS 


RCi.IABiLITT 

FAC I OR 1 . 1'i 

IN7K.RATI0N 1 tVFl 

u. / 

.niif (F If LO) 

81U94* 

BiTHFOUl.F START 

FIRST ITFfl 

FINI.Sm 

ulOf.l Of fttNT juL h3 

( ft) DEC D3* ( 0) 

D» C 1.3' ( h) 

SIJPPl.tflEHrAL THFOR.'^ATTON 




5 EAR OF EfONOniCB 

J9ftl 

TOOlING < PROCFSf. i AGTORG 

ESOALATLON 

ij.Oi) 

0EVFI.0P.1FNT 

TOOU.NC 1.00 

OFV r.Or.T BUITIPLIER 

J.JO 



COr.T RANfitS 

i»EVF‘ OPHFRT 

PRODUCTION 

TOTAI. COST 

FROfl 

771. 

- 

771. 

r.FhTER 

;-.08. 

- 

300. 

TO 

.559. 

- 

359. 


1 


'•I 


D3 


OF POOR QUALITY 


- - { Rjr.r. - 

nCCHANICAL UFn 


DAir. 


TlftE 13 :?^ 


FiiEHAm; A(.n.n 


CrtlOSfl; 

Slip. SrR,,;>WN ShItLO * APERrUhE f.OUPRP. 


PROror^Pt liiJAfiTITY 


1 .0 


iiNiT yrir.iiT 

UNIT VOUirtE 


jon.(iO 

:.50 


nofif 

uUANnrY/NiiA 


f ROr.KAfl GOSTvS 1000 ) 
ENil INEERING 
DRAFTING 
DESIGN 
f.Y:.Tr.nr. 
pRo.jj.G r 'Gni 
DATA 

SUBTOTAUENGi 


DfVEl OPflFNT 


rF.ODuf.TION 


TOTAI GOr.T 


47 . 

in. 

14 . 


1 C. 




-.7. 

lU. 

14 . 

in. 


r.ANUr AGTlIfJNG 
I'ROKiimON 
PRO TO TYPE 
iOuI - 1 FG 7 f Q 
suBrorA;.(iiEGi 


27 . 

7 . 

•>S. 


7 . 

. 15 , 


TOTAL GOST 


743 . 


S.%. 


DE.StGN FACTORS 
WEIGHT 


DEH.iUY 

nrc. COhF-LfXITY 
NEw Of.SICN 
DTSIGN iaiT.AT 
ruuiFrti.NT r.t A.SS 
INTIGRATION I.FVrL 


.lECriANICAL 
1 DO . 000 
40 , 000 * 
5 .fc?fi 
0,750 
0.700 
««««* 

0 . 7 


PfiOOijr.T DE.SCRIFTOG.S 
FtiniNEtRING GOnPlFXiTY 0.700 


PROTOTYPE SUPPORT 
PROTO SCHEDIUF T ALT OR 
PI ATFORU 

YF.AR OF TECHNOLOGY 
REl.IA 8 il.ITY FACTOR 
flTlif iFIf.l 0 ) 


1.2 

,: 50 - 

2.0 

i 9 or>* 

l.O 

GVs 7 V* 


SCHEDHl r 

Ot vEi OpnPNT 


START 
JUL 03 


tti 


FIRST ITEfl 
OFf. 83* V 


u; 


FINISH 
Of G t< 3 * 


V fti 


.SUPPLErtENTAi. INFORHATION 
YFAR OF fCONOniCS 
t.SCALAT ION 
DF-V COOT nUlTIPLIFR 


1981 

0.00 

i.in 


TOOLING I PROCfSr. FACTORS 

OEVELOPnENT TOOLING 1..30 


GOST RANGL.S 
FROfl 
GFNTI.R 


OfVELOPnrNT 

211 . 

743 . 

.■'9.V. 


iROliUGTION 


TOTAL GOST 
2 U, 
74 /.. 




OF POOR QUAUiY 


iiAu; i?-nAR-fti 



.'.Aids TER :>Ur 5TR 


PROrOTYPf iJUAwriTY 


l.i) 


UNIT UfluHT ion.uo nohl 
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